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Rainfed agriculture provides an enormous potential for meeting the incremental
food grain needs of Pakistan. Soil moisture is the main limiting factor in barani
(rainfed) areas due to the amount and distribution of rainfall and evaporation, and due
to runoff and low water infiltration in soils low in organic matter, susceptible to
crusting and to sheet and gully erosion. Management practices become very important
in crop production. Experiments on growth and water use by wheat and maize were
conducted at Barani College and at Mangial locations during 1991 and 1992, with
different tillage systems and fertilizer use.
Total soil moisture contents of the 120 cm profiles were generally greater
under minimum till than deep till treatments. Lower water contents under deep tillage
treatments were most likely explained by increased root growth and, consequently,
greater extraction of water. Below 30 cm, tillage practices did not influence soil water
content. There were no significant differences in profile water content due to fertilizer
treatments for the wheat crop. Grain yield was significantly greater in deep tillage
Redacted for Privacytreatments, averaging 3660 and 3532 Kg/ha versus 2650 Kg/ha for wheat at Mangial. 
The greatest yield was in the chisel treatment. At the College, the average yields were 
3032 and 3038 Kg/ha for deep tillage versus 2792 Kg/ha, although the yield 
differences were not significant among tillage treatments. 
Water use efficiency, WUE, was significantly greater in deep tillage, averaging 
9.9 Kg ha' min-1 versus 7.5 Kg ha' mm' at the Mangial location and 7.1 versus 6.5 
Kg ha' mm-1 in no-till at the College. The yield and WUE results show that deep 
tillage impacts were significant in the silt loam at Mangial but not on sandy loam soil 
at the College. Deep tillage would conserve more water in silt loam than in sandy 
loam soils. The Mangial area also had relatively better rainfall distribution. 
Fertilizer use increased wheat yield 82% at the College and 37% at Mangial. 
The WUE was 8.9 with fertilizer versus 4.9 Kg ha-1 mm' in the check at the College 
and 10.3 versus 7.5 Kg ha-1 mm"' at Mangial. 
Maize yields were greater in deep tillage treatments than in minimum till, 
averaging 3977 and 3890 Kg/ha in chisel and mouldboard versus 3145 Kg/ha in 
minimum till treatment at the Mangial location. The greatest yield was in the chisel 
treatment. Water use efficiency was also greater in deep till than in minimum till, 
averaging 6.6 and 6.4 versus 5.4 kg ha-1 mm'. The fertilizer increased water use 
efficiency to 7.2 over 5.3 kg ha' mm' in the check. 
At the College location, maize yield was greater under deep tillage, averaging 
2448, 2446 Kg/ha versus 2084 Kg/ha in the zero till. Fertilizer use increased WUE in 
deep till to 4.3 over the check at 3.7 kg ha' mm'. Yield and water use efficiency 
values were lower than at the Mangial location. Growth, Yield and Water Use of Rainfed Wheat and Maize
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INTRODUCTION 
Pakistan is a country of 113 million people, situated in south Asia between 
latitudes 23.5°N and 37°N. The country is divided into four provinces  Punjab, Sindh, 
Baluchistan and North West Frontier Province. Agriculture is a major industry, 
accounting for around 30% of the GDP (Khan et al., 1986). Seventy percent of the 
population is rural-based, split between the irrigated (60 m) and the rained (barani) 
areas (20 m). In most of the country, annual rainfall varies from 100 to 500 mm with 
almost all falling between February and April and during August to September. The 
northern part of the country is the wettest, with annual rainfall > 250 mm, and for 
that reason, rain-fed agriculture is concentrated there. 
The Pothwar plateau in northern Punjab is a large barani tract which comprises 
1.82 m hectares. Only 0.61 m ha are cultivated and the remaining 1.21 m ha are 
affected by gully erosion. The soils are mainly medium-textured, developed from 
loess, are very low in organic matter and susceptible to crusting, and to sheet and 
gully erosion. A hard pan has developed about 20-30 cm below the surface (Khan, et 
al., 1986). 
The average yields of crops under rained agriculture are far below the 
potential. But, barani agriculture provides an enormous potential for meeting the 
incremental food grain needs of the country. Soil moisture is one of the most limiting 2 
factors in rained areas due to irregular distribution and to high evapotranspiration. The 
cropping patterns in the rained areas are primarily directed by the rainfall distribution, 
of which about 30% falls in winter and the rest in the summer. The winter rains are 
gentle but 50% of the summer rains can be torrential, accelerating soil erosion. 
Agriculture is mainly dependent on the amount of rainfall received. 
Wheat is a staple food cereal of Pakistan. The Punjab contributes over 71 
percent of the national production of wheat. The Punjab barani tract contributes 25% 
of the wheat production in the province. At present 95 percent of the arable land of 
Rawalpindi, Attock and Chakwal districts is under wheat. Maize is an important 
summer crop of this zone. The Pothwar zone produces more than 80 percent of the 
rainfed maize. Wheat, lentil, mustard and chickpea are winter crops, and maize, 
groundnut, sorghum and pulses are summer crops of this area. 
The major focus of a dryland cropping system is increasing efficiency of water 
use. This requires that the maximum proportion of available water should be used for 
transpiration with minimum losses to evaporation, drainage and runoff. This involves 
maintaining soil characteristics favorable to rapid infiltration of precipitation and 
retaining the water in the soil profile. Cropping must occur at a time and with 
intensity appropriate to use both seasonal precipitation and stored soil water and 
establishing and extending a crop canopy as long as practical to minimize evaporation 
losses. 
The role of tillage in crop production in rainfed agriculture is somewhat 
controversial. Currently there is a significant interest and emphasis on the shift to 3 
minimizing tillage intensity in North America and Europe (Sprague and Triplette, 
1986). Work from Australia in soils and ecological zones similar to those of barani 
lands of Pakistan, suggest no-till is desirable (Hamblin, 1984). The advantages of 
minimizing tillage are usually attributed to organic matter conservation, increased 
infiltration and moisture retention, and decreased compaction and crust formation (Hill 
et al., 1985., Unger, 1984). The response pattern of soil physical properties to tillage 
intensity is far from uniform or simple, and converse effects on the same properties 
due to minimum tillage intensity are widely reported (Sharma and Acharya, 1986., 
Nesmith et al., 1987). Positive yield responses to deep tillage as compared to normal 
shallow cultivation were reported in barani areas (BARD, 1985-86). 
Adequate soil fertility ensures the most efficient use of available water (Viets, 
1962). Since evaporation losses are largely controlled by meteorological conditions, 
seasonal ET under dryland conditions is nearly the same whether yields are low or 
high  .  When the water supply is fixed, any management factor that increases yield 
will increase water use efficiency because evapotranspiration is little affected by 
management. 
This study was initiated to measure the impact of tillage systems on (1) soil 
water conservation in wheat and maize under two different climatic conditions and 
soils in the Pothwar, (2) growth, yield and water use efficiency (WUE) of wheat and 
maize, and fertilizer use on WUE of wheat and maize. 4 
LITERATURE REVIEW 
The Effect of Tillage on Soil Water Content, Growth and Yield 
Wheat. 
In a field experiment at the Himachal Pradesh Agri. University, Palampur, 
India on rainfed wheat, Sharma and Acharya (1987) found that the plants under 
moldboard and deep ploughing treatments did not show nitrogen stress despite low 
availability of nitrogen. The total uptake of nitrogen under these treatments was 
higher than under conventional cultivation, suggesting that plants may meet their N 
requirements, even under low fertility situations, with soil management practices that 
encourage an enlarged root-system. They also recorded increased dry matter yields of 
207, 110 and 68% over minimum till at tillering, stem elongation and heading, 
respectively and a significant increase in grain yield in deep tillage over minimum till. 
Singh et al. (1975) reported on a 3-year field trial in Punjab, India, with 
diyland winter wheat on two soils of high (clay loam) and low (loamy sand) water 
holding capacity. Water use and water use efficiency, WUE, increased with N rates in 
the clay loam. Grain yield was higher on the clay loam than the loamy sand soil due 
to relatively higher stored water in the clay loam soil. The rainfall varied from 6.2 to 
14 cm. 
Verma and Srivastava (1989) concluded from a field study in Bihar, India, that 
water use efficiency in wheat grown with optimum tillage was greater than with zero till. 5 
Khan and Raza (1989) demonstrated in a field experiment in Baluchistan, 
Pakistan, on sandy clay loam, that water content and wheat yield were higher under 
moldboard plow than tine cultivator treatments, 680 versus 515 Kg/ha. 
Amir et al. (1991) evaluated management practices which may improve the 
water use efficiency of spring wheat in an arid Mediterranean environment in Israel 
with an annual rainfall of 231 mm. They found that when water was not limiting, N 
was the major factor affecting yield. The fertilizer had a significant influence on 
WUE in continuous-wheat with cultivation in six out of ten years compared to wheat 
after fallow with disking. The ten-year average increase of 81% in WUE for grain 
production with the wheat after fallow management system over continuous wheat 
was due to better exploitation of the rainfall, attributed to a significant increase in root 
density. The water use efficiency values ranged from 6 to 15 Kg ha'mm' under the 
wheat after fallow system compared to 2  8 Kg ha-'mm' under the continuous-wheat 
system in a sandy loam soil. 
Oussible and Crookston (1987) reported from a field study on a clay loam in a 
semi-arid region of Morocco that subsoiling lowered bulk density, increased air filled 
porosity by 50% and significantly decreased mechanical resistance. It was observed 
that wheat plants on subsoiled plots were significantly taller than those grown on non 
subsoiled plots, and grain yield was also significantly greater in subsoiled plots. They 
also concluded that timing of rainfall usually had a greater effect on wheat yield in 
Morocco than does the total amount received. The grain yields were 2453 and 3255 
Kg/ha in control and subsoiled treatments,  respectively. 6 
In a 3-year study in Nigeria, Ohiri and Ezumah (1990) found that elimination 
of plowing, harrowing and ridging did not reduce the total biomass yield of cassava in 
an Ultisol. Rather, it retarded evaporation and oxidation processes. The tillage did not 
affect yield in the first year but did in the second year. Cassava in no-till and 
minimum tillage out-yielded cassava in the conventional system by 40 and 23%, 
respectively. They concluded that reduced tillage practices should be encouraged for 
water and soil conservation in the humid tropics. 
French and Schultz (1984) conducted an experiment at 61 field locations on 
wheat in South Australia . The average annual rainfall at these locations ranges from 
275 to 450 mm with 25 to 35 C° temperature. The results indicated that the stored 
water at sowing to supplement seasonal  rainfall was more effective in promoting yield 
than the rainfall from sowing to maturity. Presumably the stored water was not 
subjected to evaporation loss and remained in the profile to maximize the soil water 
content at sowing. They also found that 70% of the water was used from sowing to 
anthesis. The grain yield ranged from 4 to 19 Kg ha' mm-1 of rainfall in the 61 
locations. 
In a field study, on Claremont silt loam in New Zealand with annual 
precipitation of 48 cm, Francis et al. (1987)  observed significantly higher bulk density 
in the top 20 cm under direct drilling . Water content and infiltration rate were not 
significantly different among tillage systems. The direct drilling treatment had 
significantly greater plant emergence than did the conventional cultivation. The 
average grain yield in the sixth season of the trial was similar for both direct drilling 7 
and conventional cultivation, 3.85, and 3.66 Mg/ha, respectively, due to the greater 
number of macropores in the direct drilling than conventionally plowed soil (due to 
increased earthworm numbers), increased soil structural stability and lack of soil 
disturbance. 
Grevers et al. (1986) compared zero till with conventional tillage for spring 
wheat production in a field study at 7 locations in Saskatchewan, Canada on different 
soils. They stated that soil water recharge during autumn to seeding was greater under 
zero till. The water use efficiency was 5 Kg ha' mm-1 under conventional tillage and 
5.4 for loam to 18.6 Kg ha' mm' for heavy clay  under zero till. 
Norwood et al. (1990) conducted a field tillage experiment on fine loam and 
fine silt soils in Kansas. They observed increased available soil water and grain yield 
in reduced tillage treatments over tilled treatments. 
Vepraskas et al. (1986) worked on 10 sites on the Coastal Plain region of 
North Carolina. Five soils (Paleudults) had a dense tillage pan. The subsoil tillage 
practices significantly lowered bulk density and increased root numbers in subsoiled 
over conventional tillage. They found that deep tillage with a subsoiler fractured the 
tillage pan and increased root development in three of the five sites. The bulk density, 
water content, and cumulative rainfall accounted for 96% of the observed variation in 
subsoil root development for the non subsoiled treatments across  the 10 sites. 
Ciha (1982) conducted a field study on winter wheat under three 
environmental conditions in Southeastern Washington State. The soil types and annual 
rainfall were; silt loam (Pachic Haploxerolls, fine silty, mixed, mesic) with 44 cm 8 
rainfall at one site and silt loam (Pachic Ultic Haploxerolls, fine silty, mixed, mesic) 
with 52 cm for two sites. Three tillage systems were examined: (1) conventional 
tillage (fall plow with spring disking), (2) conservation tillage (fall chisel with a 
spring disking), and (3) no till (direct seeding into standing stubble). He found the 
average grain yield for no till was significantly greater than for conventional tillage 
but not significantly different than for conservation tillage. 
Pikul et al. (1990) conducted field experiments in eastern Oregon on Walla 
Walla silt loam (Typic Haploxeroll, coarse silty, mixed, mesic) with an average slope 
of 15%. Precipitation during the test period was 242 mm. They investigated the 
impact of three different tillage systems: no tillage, chiselled stubble and 
paraploughed stubble, on water content in the 3.35 m profile and found that water 
content during the winter showed differences between the treatments in profile 
position of stored water. Macroporosity created by tillage was important for 
channeling and storing water in the profile when the soil was frozen. 
Zuzel et al. (1990) found from long term tillage treatments near Pendleton, OR 
that surface sealing by raindrop impact and soil frost were probably more important 
than the tillage pan in controlling the infiltration of water into Walla Walla silt loam 
soils. 
Webber et al. (1987) demonstrated on a silty clay loam soil near Columbia, 
Missouri, that soil moisture for two growing seasons was similar among tillage 
treatments and was greatly affected by seasonal rainfall. The deep  till treatment 
showed greater recharge of water in the profile after rainfall events but also tended to 9 
thy more rapidly during periods of low rainfall. The greater recharge in deep till 
treatments indicates higher infiltration rates. The rainfall varied from 300 mm to 700 
mm in the three seasons. 
Heinnonen (1991) observed from a three year conservation tillage project in 
Canada that wheat yields under zero till were adversely affected by weed problems 
and excess moisture. There were no differences in crop grade between tillage systems. 
Greater soil compaction and lower seedbed temperature were also noted in the zero 
till. 
Rasmussen (1989) showed that direct drilling or reduced till on loamy soils of 
Denmark decreased yield in spring sown cereals whereas winter wheat maintained the 
yield in relation to traditional ploughing and seedbed preparation. 
In a six year field trial in Brazil on tillage Tones et al. (1988) indicated no 
significant soybean yield differences among tillage treatments in the first three years 
but direct drilling tended to reduce seed yields thereafter. 
Hernani et al. (1989) in a field experiment in Brazil on the effect of different 
cultivation methods (direct drilling and various harrowing treatments) in a clayey red 
latosol reported that water storage was higher and soil loss by erosion was lower 
under direct drilling than under the other cultivation methods. Wheat grain and straw 
yields were respectively slightly and moderately higher under direct drilling. 
Hakoyama et al. (1991) conducted a field study in Japan to see the effect of 
direct sowing and conventional (disk plowed and harrowed) seedbed preparation on 
grain development and yield of wheat and soybean in rotation. They found that 10 
vegetative growth and yield were more affected by rainfall distribution than by tillage 
methods. 
Huang and Liu (1989) reported the effects of different tillage methods on soil 
compactness and growth of the wheat root system in China. Ploughing decreased the 
bulk density and loose soil promoted root growth better than minimum till. 
Pilat and Lacko-Bartosova (1990) concluded from a winter wheat field trial on 
a brown loamy soil in a warm region of Czechoslovakia that the sum and distribution 
of rainfall during crop growth had the greatest effect on variation of soil moisture 
content. Greater water content was recorded with deep tillage than with direct sowing. 
Rydberg et al. (1990) revealed from oat trials at 14 sites in Sweden that 
ploughing to 35 cm depth improved yield relative to normal ploughing depth by 4% , 
but this effect had disappeared within 5 years. They concluded that deep plowing was 
not an economically justifiable soil improvement treatment. In very dry areas or on 
coarse sands, water availability could be improved more reliably by irrigating than by 
deep plowing. 
Maize. 
Chaudhary et al. (1985) concluded from a field trial on  loamy sand (Typic 
Ustipsamment) at Ludhiana, India, that better root growth and plant water status with 
deep tillage were reflected in better crop growth and higher yields. The periodic 
height of plants in different tillage treatments was greater in moldboard and sub-soiled 
than in control plots, However, differences among the deep tillage treatments were not 11 
significant. Similar trends were reported by Sharma (1991), that different tillage 
systems significantly influenced maize growth even at initial stages. Plant height was 
significantly higher under conventional till than reduced or minimum till. It was 
further noted that green and dry matter yields of fodder maize were comparable under 
conventional and reduced till and significantly higher than minimum till during the 
two years. 
A 3-year study of the effects of different tillage practices and two N and P 
rates on maize on a tropical ferruginous soil was conducted by Ike (1987) in Nigeria. 
Annual rainfall was 1100 mm. The maize grain yields were significantly influenced 
by tillage and fertilizer rate. However, yields over three years under conventional and 
no-till did not differ significantly. This suggested that the additional cost of deep 
plowing under conventional tillage could be saved without sacrificing yields. 
A field study carried out for five years in Ibadan, Nigeria on a tropical Alfisol 
(annual rainfall of 1000 to 1500 mm) by Osuji (1984) showed that at all times, zero 
tillage had a higher water content in the surface soil (0-30cm) than  the cultivation 
treatments. The differences were not significant in the early season, but in the late 
season soil water content was significantly higher in the zero tillage than in other 
treatments. Below 30 cm however, tillage practices did not influence soil water 
content. 
Ahmad (1990) observed from a field study in Nigeria that breaking the plough 
pan by deep cultivation increased grain yield significantly and increased infiltration 3­
8 fold in the first year. In the second year, deep till plots showed decreased 12 
infiltration rates and no significant difference in grain yield. Thus shattering the 
plough pan can give a temporary improvement in crop yield but cannot be sustained 
for more than 1 year. 
Adeoye and Mohamad-Saleem (1990) demonstrated the effects of ridging and 
subsoiling on the yield of maize on Alfisols in Nigeria.  Subsoiling lowered the bulk 
density and increased profile water storage by  15-30%. Water storage under ridging 
and disking did not differ. Maize yield was increased 6% by ridging and 24% by 
subsoiling in comparison to disk harrowing. 
Thiagalingam et al. (1991) conducted a field trial over several years in the 
Northern Territory, Australia on a Tippera clay loam (Rhodic Paleustalf) and found a 
42% yield benefit for maize under no-till. The no-till treatments performed better 
during the seasons that experienced prolonged dry spells. The grain yield was 4.1 
Mg/ha and 2.8 Mg/ha under no-till and conventional tillage, respectively. This was 
attributed to insufficient moisture under conventional tillage to utilize the additional N 
efficiently. About 90% of the annual rainfall fell between November and March for 
the four cropping seasons. Weekly rainfall distribution data from December to April 
showed moisture stress in February during the drier years and greatest storm of 17 
cm/week during the wetter years. They suggested that other factors to be considered 
in developing an appropriate farming system for semi arid tropic areas of Australia 
are herbicides, rotation and rainfall. Soil moisture at sowing and yield were highly 
significantly increased in zero till over conventional tillage treatments. The yield 
differences were attributed to the higher established populations under no-till. 13 
Kladivko et al.  (1986) in a long term study with tillage systems on  7 soils in 
Indiana, investigated conventional moldboard, chisel plow, disking, ridge till planting 
and no till. They observed that conservation till systems generally had higher soil 
water contents during a large part of the growing season due to increased infiltration 
and decreased evaporation. They suggested that the effects of a tillage system on crop 
growth are seldom directly related to a particular property but they are a complex 
interaction of genetic and environmental factors. 
Griffith et al.  (1973) conducted a field trial on five soil types, sandy loam 
(Typic Hapludalf), loam (Typic Argiaquoll), silt loam (Aerie Ochraqualf), silty clay 
loam (Typic Argiaquoll) silt loam (Typic Fragiadult) and found that germination and 
weed control tend to be more of a problem with no-till systems than with 
conventional tillage, and are more severe on fine-textured than coarse-textured soils. 
The tillage system affects soil temperature, plant growth, maturity and yield of maize. 
However, the effect on these parameters was highly dependent on soil type, drainage 
and climate. Thus chisel planting produced plant growth and weed control problems 
intermediate between narrow strip tillage and conventional till. They recommended 
that research results from any one soil and climate situation should not be generalized 
to areas that differ in soils and/or climate. 
Blevins et al.  (1983) evaluated soil properties after 10 years continuous non-
tilled and conventionally tilled corn production on a Maury silt loam (Typic 
Paleudalf) soil in Kentucky which had been in blue grass for 50 years. The rainfall 
ranged from  375 to 711 mm during the study period. They reported that the 10 year 14 
average corn yield was higher for conventional tillage than for no till at low rates of 
N fertilization (7.0 and 5.5 Mg/ha for conventional and no-till,respectively) but at 
higher rates (336 Kg/ha) of N fertilizer it was equal or higher for no till treatments. 
They suggested that continuous no tillage corn production for long periods is not an 
ideal management practice. They also observed that bulk density values were in the 
range of 1.25 - 1.31 Mg/m3 and not different for no till, and hydraulic conductivity 
was also not significantly different among tillage systems. 
A three year field study on silt loam (fine loamy, mixed, mesic Aquic 
Fragiudalf) in Ohio by Eckert (1984) suggested that tillage systems had no overall 
effect on corn growth and yield when averaged over three years under climatic 
conditions considered normal for the Wooster, Ohio area. However, conditions cooler 
or wetter than normal often favor conventional tillage corn while drier than normal 
favored no-till . They attributed the yield trend to detrimentally high soil moisture 
levels on no-till plots during wetter seasons. 
Hill et al. (1985) studied two soils ; a clay loam (fine loamy, mixed, 
calcareous, mesic Typic Haplaquoll) and a loam (fine loamy, mixed, mesic, Aquic 
Hapludoll) from two established tillage experiments near Ames. Iowa. They stated 
that water retention under conservation tillage exceeded that in conventional tillage; 
on loamy soil the effect on water content was not as large as in the clay loam soil but 
the same general trend was evident. 
In a three year study in South Dakota on silt loam (Pachic Udic Haploboroll) 
and silty clay loam (Udic Haplustoll) soils with rainfall of 63 cm per year, Gordon et 15 
al. (1993) reported that the ridge-tilled plots in silt loam conserved a greater amount 
of water in the profile than did the other two tillage systems (moldboard and chisel). 
However, there were no significant differences in soil moisture content among tillage 
systems. Silt loam soil ridge tillage increased N uptake and grain yield significantly, 
but on silty clay loam soil tillage did not affect soil moisture , total N uptake or grain 
yield in either year. 
Hallauer and Colvin (1985) in a 5 year study at the Iowa State University 
Research Center on corn with four tillage systems measured significant differences 
among tillage methods for stand, yield and grain moisture. The corn planted in fall 
plow had greater yields and better stands than when planted in strip till and no till 
conditions. The soil was a fine loamy, mesic Typic Hapludoll. The grain yields in fall 
plow, strip till and no-till were 6.8, 6.0 and 5.6 Mg/ha, respectively. 
Mock and Erbach (1977) in a maize field trial near Ames Iowa with four 
tillage systems on loamy (Typic Hapludoll) soil revealed that plant density and grain 
yields were lower in conservation tillage than in conventional tillage. The higher yield 
(6.6 Mg/ha) in conventional tillage compared to no-till (4.9 Mg/ha) was due to lower 
temperature, plant density, and lower emergence under no-till treatment. 
Kaspar (1987) evaluated the effects of tillage system in a field trial on a fine 
loamy, mixed, calcareous, mesic, Typic Haplaquoll in Iowa. He showed that the 
vegetative growth from no till was less than from moldboard and disked plots 
throughout the sampling periods. Corn grain yields of three tillage systems did not 16 
differ in the first year but in the second year moldboard and disked plots out-yielded 
no till plots. The annual rainfall was 63.7 cm. 
Al-Darby et al. (1987) found from a field study on silt loam (fine loamy, 
mixed, mesic, Typic Argiudoll) near Arlington, WI, USA that soil water was highest 
for no-till and lowest for moldboard plow in the 0-25 cm zone in two growing 
seasons. Soil water storage under chisel till was lowest in one year. This was probably 
due to sub-soil drainage or because of higher root distribution with the chisel plow 
treatment. They also observed that grain yield and water use efficiency were higher in 
chisel and moldboard plow than no-till treatments. The WUE was 34.5, 34.2 and 32.2 
Kg ha'  under chisel, moldboard and no-till treatments, respectively. 
Lugo-Mercado et al. (1988) conducted three field experiments in Puerto Rico 
to evaluate the effects of three tillage techniques on the yield of maize. They observed 
no significant differences in yield among tillage treatments in clay soils suggesting 
that maize can be planted no-till in soils similar to Santa Isabel clay without reducing 
the yield, at least for 1 year. 
Ide and Hofman (1990) studied the effects of subsoiling a plough pan on two 
Belgian silt loam soils. The removal of the plough pan layer resulted in better root 
development, higher water content and greater yields for several crops. The beneficial 
effects of subsoiling were still detected five years after the removal of the plough pan. 
They recommended subsoiling after 3-5 years. 
Some field trials were carried out on a leached forest soil in Bulgaria by 
Dimitrov and Purvanov (1990). They found that maize sowing was best with 17 
conventional tillage while conservation tillage led to an increase in plant residues, no-
till led to deterioration of the soil structure and direct sowing machinery performed 
poorly. 
Summary of the Literature. 
The study of tillage systems on soils of India showed that maximum grain 
yield increased with stored soil water irrespective of the growing season rainfall. The 
water use efficiency ranged from 12.5 to 15.5 Kg ha' mm' for wheat with N 
fertilizer in no-till and deep tillage, respectively. Tillage increased yield from 1.7 to 
2.4 Mg/ha by loosening the soil; plants did not show N stress under deep tillage; 
wheat grain yield increased from 2.5 to 3.4 Mg/ha due to enlarged root systems under 
deep tillage. 
In Southern Australia 65% of the variation in wheat yield was associated with 
the variability of the April  October rainfall and best grain yield reached 12.5 Kg ha' 
mm-1 in areas of > 450 mm average annual rainfall. Wheat after fallow management 
increased WUE 81% over continuous wheat under an arid Mediterranean environment 
in Israel due to better exploitation of rainfall, attributed to increased root density. 
The results of Eastern Oregon studies show that zero till significantly increased 
wheat yield over conventional tillage because surface sealing by rain drop impact and 
soil frost were more important than the tillage pan in controlling the infiltration of 
water into Walla Walla soils. 18 
The tillage experiments on maize in India showed a significant increase in 
yield under deep tillage compared to zero t minimum till due to better root growth 
and plant water status. The tillage systems showed mixed results of maize grain yield 
in Alfisols of humid tropics of Africa. Subsoiling increased the infiltration by 
lowering bulk density and increased profile water storage and yield. In Southern 
Australia, no-till increased yield 42% over deep tillage during a prolonged dry spell. 
Deep tillage showed better results on poorly drained loess soils and vertisols 
if not protected by crop canopy where a crust could form under the beating action of 
raindrops. In cool climates where soil temperature is lower, deep tillage helps increase 
temperature, resulting in early emergence and better growth. The deep  tillage impact 
is negligible where rainfall is well-distributed during the growing season. 
Tillage is required to create a favorable zone for root penetration and rainfall 
infiltration for successful cropping on soils that undergo severe hardening during dry 
seasons in the Pothwar area of Pakistan. No-till crop production may be successful if 
no-till seeding equipment is easily available and biochemical weed control is 
economically feasible; otherwise, poor soil surface conditions resulting from water 
erosion and inadequate residues will restrict the adoption of no-till in the Pothwar 
areas of Pakistan. 19 
MATERIALS AND METHODS 
Four field experiments were conducted at two sites in 1991 and in 1992 at 
Barani Agricultural College Experiment Farm and on a farmers field in the Fatehjang 
area (Mangial). The sites are in sub humid subtropical region, within a distance of 65 
Km of each other.
 
The soil at the College Experiment Farm is sandy loam with 58% sand, 22% silt, 20%
 
clay and 0.5% organic matter, with a pH of 7.7. The soil selected on the farmers field
 
was a silt loam consisting of 12% sand, 76% silt, 12% clay and 0.46% OM with a pH
 
of 7.6 (Table 1). 
Measurements. 
Soil samples. 
Two representative soil samples at 0-15 cm depth were taken from the  sites for 
physico-chemical analysis (Gee and Bauder, 1986). 
Soil moisture contents. 
Soil samples at five depths of 0-15, 15-30, 30-60, 60-90 and 90-120 cm were 
taken from each plot by forcing a King tube of 150 cm length into the soil with a 
hammer. The samples were routinely collected three times a month except when the 
field was too wet due to rains to take samples or on unexpected closure of the 20 
Table 1. Physico-chemical analysis of the soil samples. 
pH  P  NO3  K  Zn  Cu  OM  Sand  Silt  Clay 
(Avail)  mg/Kg  %  % 
Barani College  7.7  1.5  4.6  50  2.3  1.4  0 .4  58  22  20  Sandy loam 
Mangial  7.6  0.6  0 .6  23  0.7  1.1  0.5  13  76  11  Silt loam 
Plot size.  Sub plot
Location  Dates  Crop 
15 * 7.5 m2  7.5 * 7.5 m2 Barani College  Dec. 91 --- May 92  Wheat 
15 * 7.5 m2  7.5 * 7.5 m2
Barani College  July ---- Oct. 92  Maize 
12* 6 m2  6 * 6 m2
Mangial  Nov. 91... May 92.  Wheat 
12 * 6 m2  6 * 6 m2
Mangial  July-- Oct. 92  Maize 
Soil Classification. 
Typic Ustochrept Missa soils(Mangial) 
Typic Ustochrept Raw alpindi soils 
Missa soil was sampled by the SCS, USDA in 1984. Complete description is available  under sample no 
84P1261-1266, pedon no 84P584 and project no 84P109. 
Pak. 81 and Neelem varieties of wheat and maize were used for the experiments at both locations. The 
field selected for study at Barani College was under fodder sorghum the previous summer. The farmers 
field was under mungbean in the summer. The wheat was seeded with a Rabi drill  behind the tractor. 
This gives a uniform rate and depth of seeding. 
The maize at both sites was sown with a  single row hand drill. This did not provide uniform seed rate 
and depth. Thinning was done to keep uniform plant spacing. 21 
College. Ninety soil samples were collected each time in aluminum cans of 10 cm3 
and oven-dried for gravimetric water content on a weight basis (Gardner, 1986). 
The gravimetric soil water contents were converted to volumetric water  contents by 
multiplying by the soil bulk density values measured at the respective depths. 
Soil bulk density. 
The bulk density was calculated as the oven dry mass of sample divided by 
the sample volume. Eight core samples were taken from two pits (120  120 . 120 cm) 
at each depth to determine representative bulk density. The core sampler (Soil 
Moisture Equipment Corporation, Santa Barbara, CA.  USA) was pressed into the soil 
surface far enough to fill the sampler.The sampler was carefully removed along with 
its contents to preserve the natural structure and packing of the soil as nearly as 
possible. The two cylinders were separated, retaining the undisturbed soil in the inner 
cylinder. Soil extending beyond each end of the sample holder (inner cylinder) was 
trimmed and the soil sample volume was established to be the same as the volume of 
the sample holder. The soil was transferred to a container, oven-dried at 105 C° and 
weighed. 
Seedling emergence. 
Wheat seedling emergence was counted on three randomly selected 1 m2 
quadrats in each plot at 21 days after seeding. The data was averaged for quadrats. 22 
Plant height and spike length. 
Height of ten plants taken at random from each plot was recorded and 
averaged for each plot. Ten wheat spikes were taken at random from each plot and 
measured. 
Grain yield. 
Plants were hand-harvested from three 1  m2 quadrats taken at random in each 
plot. These samples were threshed by threshing  machine. The grain yield data was 
averaged for each plot. The yield data in Kg/m2 was converted to Kg/ha. 
Water use efficiency. 
It was determined using the procedure described by Unger (1978). 
WUE= Grain yield/ (SWp- SWh + P) 
where SW and SWh are soil water contents to 120 cm depth measured at/or close to 
planting and at harvest, respectively. P is growing season precipitation. 
Available water-storage capacity. 
It was determined using the procedure described by  Aina and Periaswamy 
(1985) 
AWSC= 14.01 + 0.03(silt * clay) - 8.78(BD). 
where silt and clay are in percentage. BD is bulk density of the soil. 23 
Weather data. 
Weather data recorded at the National Agrometeorology Center at the College 
and the Weather sub station of the Pakistan Agricultural Research Council at Mangial 
was used for rainfall and evaporation. 
Statistical analysis. 
Analysis of variance was performed for data on water content, yield and its 
components, and water use efficiency with Proc GLM in SAS procedures (1982). 
Least significant differences were used as the basis of comparison between the 
treatment means (Appendix Table 17). 
Field experiments. 
Wheat at Barani College. 
The field experiment was conducted at the College Farm with wheat, var. Pak. 
81, on a sandy loam soil. The experiment was laid out in a split-plot design with 
tillage as main treatments in 15 . 7.5 m plots replicated three times. Tillage treatments 
consisted of :  (I) Zero till (T1); no soil tillage except sowing  and fertilizer with a no-
till drill. (II) Moldboard plow (T2); single moldboard plowing with planking. (III) 
Chisel plow (T3); single chisel plowing with planking. 
Sub-plots of 7.5 . 7.5 m were treated with no fertilizer and fertilizer, 90, 60 and 25 
Kg/ha of N, P and K, spread over the surface after tillage. Tillage and fertilizer 24 
treatments were applied after sufficient rain had fallen to allow germination. 
The crop was seeded in rows 23 cm apart using a seeding rate of 40 Kg/ha, in the 
first week of December, 1991 and harvested in the first week of May, 1992. 
The plots were not planked after seeding. No herbicides or pesticides were used. 
Maize at Barani College. 
The experiment was conducted on the same field previously under wheat at the 
College Farm. The experiment was laid out with the same statistical design with 
tillage as main treatments replicated three times and fertilizer in 7.5 . 7.5 m sub plots. 
Tillage and fertilizer treatments were the same as for wheat.
 
The crop was seeded in rows 60 cm apart using a seed rate of 30 Kg/ha on July 18,
 
1992 and harvested in the first week of October, 1992. The plots were not planked
 
after seeding. All the fertilizer was applied before seeding.
 
Wheat at Mangial. 
This experiment was conducted on a farmers field at the Mangial site in the 
Fatehjang area. The site was selected to be near the Weather Station operated by the 
Pakistan Agricultural Research Council. This trial was laid out in a field split-plot 
design, with tillage as a main treatment consisting of : (a) minimum till (T1);
 
cultivator used two times. (b) Chisel (T2); single chisel plowing with planking. (c)
 
moldboard plow (T3); single moldboard plowing with planking.
 
Fertilizer treatments were the same as at the Barani site.
 25 
The crop was seeded with a Rabi seed drill using seed rate of 40 Kg/ha on November
 
29, 1991 and harvested in the first week of May, 1992.
 
The soil and plant parameters were measured/recorded in all  three replications, as for
 
the Barani experiments.
 
The details of data collection, weather data, yield and yield components, water use
 
efficiency and statistical analysis are as given in the previous pages.
 
Maize at Mangial. 
After wheat harvest, maize was seeded on the same farmer's  field at the 
Mangial location in the Fatehjang area. This trial was laid out with the same split-
plot design with tillage as main treatments and fertilizer as sub plots. 
Plants were hand harvested from three rows of 1 meter length, three times from each 
plot. The grain yield data was averaged for each plot. 26 
RESULTS 
Wheat at Mangial, Nov. 1991- May 1992 
Profile Moisture Contents of the Missa Soils. 
A field experiment was conducted to determine whether the different tillage 
systems would increase moisture conservation and as a result, crop production, in 
Missa soils. 
The moisture content on a volume basis remained the same (P>0.05) in all 
three tillage practices at 14 days after sowing (WC1) (Table 4). The water content was 
4% less in deep till than in minimum till (Table 2). Higher water content was noticed 
at greater depths (Table 5). The total rainfall recorded during these days was 1.2 cm. 
Total pan evaporation was 2.4 cm. 
Moisture contents in the 120 cm profile decreased significantly (P<0.05) in T2 
and T3 compared with T1 at 21 days (Table 4). The water content in moldboard 
(T3)and chisel (T2) plowed plots was 6 and 5% lower than in minimum till (T1). This 
would include evaporation as well as transpiration (Table 2). Water content decreased 
14% from the previous sampling (Table 3). There was no rainfall and 1.0 cm 
evaporation in this period (Table 3). The water content increased with depth (Table 5). 
At day 35, the water content decreased significantly ( P<0.05 ) in deep till 
treatments compared with minimum till (Table 4). Water content increased 9% from 
the previous sampling, as there was 2.1 cm rainfall and 1.5 cm evaporation during this 
time (Table 3). Higher water content at greater depths is evident from Table 5. 27 
The plants continued to take more water from T3 by the end of 49 days after 
sowing. There was no rainfall during that period (Table 3). The upper surface lost 
more moisture than the deeper soil (Table 5). 
The moisture data collected on the 101 st day after seeding shows only 5 and 
4% lower profile moisture in T2 &T3 than T1, respectively (Table 2). Differences 
were not significant among tillage treatments (Table 4). Profile water increased 5% 
from the previous sampling as 19.3 cm rainfall occurred during that period (Table 3). 
The daily weather data indicate 51% of the total  rainfall was in the last week of 
January 1992 (Appendix Table 2). 
At day 110 after seeding, water content did not differ significantly (P>0.05) 
among tillage treatments ( Table 4). Water content decreased 20% compared with day 
100 (Table 3). The data collected on day 125 (Table 2) shows no significant 
differences among tillage treatments (P>0.05) as there was 7.4 cm rainfall during the 
sampling period (Table 3, 4). The rainfall increased water content 14% over the 
previous sampling (Table 3). Higher moisture content was again found in lower depths 
(Table 5). 
Samples taken on day 150 after seeding showed no  significant difference 
among the tillage treatments (Table 4). The profile lost 12% of its water with 2.5 cm 
rainfall water during this period. Between the sampling times, potential evaporation 
recorded was 9.1 cm (Table 3). 28 
Table 2. Average soil moisture content under wheat at Mangial. 
Date	  Days after  T1  T2  T3  FO  Fl
 
seeding  cm/120 cm
 
12.11.91	  14  25.9  25.3  24.9  25.8  24.9 
12.18.91	  21  23.0  23.0  22.0  21.7  22.0 
01.01.92  35  25.5  24.1  23.0  24.3  24.1 
01.16.92	  49  23.3  23.1  20.9  22.6  22.2 
03.07.92	  101  36.0  34.6  34.3  35.2  34.8 
03.16.92	  110  30.3  28.6  28.4  29.1  29.0 
03.31.92	  125  33.0  33.0  33.2  32.7  33.5 
04.25.92	  150  29.7  29.4  29.4  28.9  30.2 
T: Tillage treatments, F: Fertilizer. 
Table 3. Total rainfall and evaporation during sampling periods. 
Period  Days after  Total rain  Total pan  Avg. water 
seeing  evap.  content. 
cm  cm  cm/120cm 
11.29.91-12.11.91  14  1.2  2.4  25.3 
12.12.91-12.18.91  21  0.0  1.0  22.2 
12.19.91-01.01.92  35  2.1  1.5  24.2 
01.02.92-01.15.92  49  0.0  2.6  22.4 
01.16.92-03.07.92  101  19.3  9.4  35.0 
03.08.92-03.16.92  110  0.4  3.8  29.1 
03.17.92-03.31.92  125  7.4  3.9  33.1 
04.01.92-04.25.92  150  2.5  9.1  29.5 
04.26.92-05.08.92  162  1.9  6.3 29 
Table 4. Summary of statistical analysis of water content and crop characteristics. 
Wheat at Mangial 
Source WC1  WC2  WC3  WC4  WC5  WC6  WC7  WC8  Y1  Y2  Y3 Y4 
Rep.  n.s  n.s  *  *  n.s  n.s  n.s  n.s  n.s  n.s  *  * 
* *  *  **  ** *  * 
**  **  **  **  ** ** 
Till.  n.s  n.s  n.s  n.s  n.s 
Fert.  n.s  n.s  n.s  n.s  n.s  n.s 
*  n.s  n.s Till*Fert. n.s  n.s  n.s  n.s  n.s  n.s  n.s  n.s  n.s 
WC: Water content at 8 sampling dates.
 
Yi: Plant population
 
Y2: Plant height, 1.14.92
 
Y3: Plant height, 2.15.92
 
Y4: Grain yield.
 
Table 5. Soil moisture distribution with time and depth. 
Wheat at Mangial.  cm3/cm3 
Days  0-15cm  15-30cm  30-60cm  60-90cm  90-120cm 
14  0.13  0.16  0.23  0.23  0.24 
21  0.08  0.11  0.21  0.21  0.22 
35  0.15  0.16  0.21  0.22  0.22 
49  0.10  0.14  0.21  0.21  0.21 
101  0.26  0.26  0.32  0.29  0.30 
110  0.17  0.20  0.27  0.26  0.26 
125  0.20  0.24  0.30  0.29  0.29 
150  0.17  0.20  0.27  0.26  0.26 30 
Analysis of variance indicated that the fertilizer application did not significantly 
increase moisture conservation during any sampling time of the experiment (Table 4), 
except at the last two samplings where 3 and 5% higher water content were recorded, 
respectively. 
Plant Characteristics and Yield. 
Gemination. 
Seedling emergence data measured at 28 days after planting indicate that the 
number of plants/m2 were significantly (P<.05) greater in chisel and moldboard 
treatments than in minimum till (Y1 in Table 4). The increase was 16 and 15% 
respectively (Table 6). The fertilizer increased germination 16% over the check 
treatment (Table 6). 
Plant height. 
The plant height recorded 46, 77, 106 and 130 days after planting is shown in 
Table 6. Tillage and fertilizer use significantly increased ( P <0.01) plant height over 
minimum till and check, respectively (Table 6). 
Grain yield.
 
Statistical analysis of the yield data showed a significant increase for deep
 
tillage practices on grain yield (Table 4). The highest yield (4350 Kg/ha) was recorded 31 
Table 6. Average plant characteristics of wheat at Mangial. 
Total number of plants in m2 12.26.91 
T1  T2 
80.6  93.6 
T3 
93.1 
FO 
82.8 
Fl 
95.3 
Plant height, cm. 1.14.92 
14.1  16.3  16.0  14.0  16.9 
Plant height, cm. 2.15.92 
25.5  30.4  28.8  24.0  32.5 
Plant height, cm. 3.14.92 
49.9  60.8  55.4  47.8  62.9 
Plant height, cm. 4.30.92 
76.8  87.5  82.0  74.0  90.2 
Total grain yield, Kg/ha. 
2652  3666  3532  2768  3799 
Water use efficiency, Kg ha-imm-1 
7.2  9.9  9.6  7.5  10.3 32 
in the chisel plow treatment with fertilizer and the lowest ( 2056 Kg/ha ) in minimum 
till without fertilizer application. Chisel and moldboard increased yield 38 and 33% 
over minimum till, respectively (Table 6). The difference between T2 & T3 was not 
significant. The fertilizer use effect was highly significant (P<0.01). The interaction 
between tillage and fertilizer use was not significant (Table 4). 
Water use efficiency. 
The results of the experiment demonstrate the potential capacity of the deep 
tillage systems to increase water use efficiency (WUE) significantly (Table 4, 6). 
Chisel and moldboard plow treatments increased WUE substantially (38 and 33% 
respectively) over minimum till. Further analysis shows that, indeed, WUE was 
increased 37% by addition of recommended fertilizer rate, 90, 60 and 25 Kg/ha of N, 
P and K (Table 4). 
Wheat at Barani College, Dec. 1991- May, 1992. 
Profile Moisture Content of the Rawalpindi Soils. 
A field trial was designed to investigate the impact of tillage systems and 
fertilizer use on increasing soil water storage and improving water use efficiency by 
dry land wheat. 
There were no significant differences in profile water content (P>0.05) among 
the three tillage treatments in samples taken 7 days after seeding (Table 7). This 33 
indicated no difference in ability to conserve water in the soil. Average water contents, 
23.7 cm/120 cm determined on Dec. 14, 1991, under different tillage practices and 
fertilizer use are given in Table 8. There was 1.1 cm pan evaporation and no rainfall 
recorded during this 7 day period (Table 8). 
Differences in water content of soil samples taken at all sampling dates were 
not significant among the tillage treatments or fertilizer use (Table 9). The 
precipitation and pan evaporation recorded between 7 and 26 days were 2.0 and 2.1 
cm, respectively. There was a 3% increase in profile moisture over the previous 
sampling (Table 8). 
At 37 days after planting, the data show a 7% decrease in profile water 
between the sampling periods. Equal amounts of precipitation and pan evaporation, 1.2 
cm, were recorded. At 74 days, soil profile  moisture (120 cm depth) showed 47 % 
more moisture than at the previous sampling,  with 18.0 cm precipitation and only 5.9 
cm pan evaporation recorded during this period (Table 8). 
At 88 days the profile water decreased 4.6 cm (16%), apparently used by the 
crop. There was 0.7 cm precipitation and 4.2 cm pan evaporation recorded. 
The last moisture sampling indicated a 35% decrease in moisture content compared 
with the samples previously taken at 88 days from seeding. There was 16.6 cm 
precipitation and 24.7 cm pan evaporation recorded between 88 and 153 days 
(Table 8). 34 
Table 7. Average soil moisture content under wheat at Barani College. 
cm/120 cm 
Date  Days  T1  T2  T3  FO  Fl 
12.14.91  7  23.5  23.8  23.8  23.4  23.9 
01.02.92  26  24.2  24.3  24.7  24.3  24.5 
01.13.92  37  22.8  22.7  23.1  22.6  23.1 
02.19.92  74  34.8  33.3  33.9  33.8  34.3 
03.04.92  88  29.6  29.0  29.5  29.3  29.5 
05.08.92  153  21.7  21.6  22.2  21.5  22.1 
Table 8. Total rainfall and evaporation during sampling periods 
Wheat at Barani College 
Period  Days after  Total rain  Total pan  Avg. water 
seeing  evap.  content. 
cm  cm  cm/120cm 
12.08.91-12.14.91  7  0.0  1.1  23.7 
12.15.91-01.02.92  26  2.0  2.1  24.4 
01.03.92-01.13.92  37  1.2  1.3  22.9 
01.14.92-02.19.92  74  18.0  5.9  34.0 
02.20.92-03.04.92  88  0.7  4.2  29.4 
03.05.92-05.08.92  153  16.6  24.7  21.8 35 
Table 9. Summary of statistical analysis of water content and crop characteristics. 
Wheat at Barani College. 
Source 
Rep. 
Till. 
Fert. 
Till*Fert. 
WC1 WC2 WC3 WC4 WC5 WC6 Y1 
n.s  n.s  n.s  n.s  n.s  n.s  n.s 
n.s  n.s  n.s  n.s  n.s  n.s  * 
n.s  n.s  n.s  n.s  n.s  n.s  ** 
n.s  n.s  n.s  n.s  n.s  n.s  n.s 
Y2 
n.s 
n.s 
** 
n.s 
Y3 
n.s 
n.s 
** 
n.s 
WC: Water content at 6 sampling dates. 
Yl: Plant height 
Y2: Spike length 
Y3: Grain yield. 
Table 10. Soil moisture distribution with time and depth. 
Wheat at Barani College. 
cm3/cm3 
Days 0-15cm  15-30cm  30-60cm  60-90cm  90-120cm 
7 
26 
37 
74 
88 
153 
0.11 
0.16 
0.16 
0.29 
0.20 
0.14 
0.16 
0.18 
0.18 
0.27 
0.25 
0.17 
0.22 
0.21 
0.20 
0.30 
0.27 
0.18 
0.22 
0.22 
0.20 
0.29 
0.25 
0.19 
0.21 
0.21 
0.19 
0.26 
0.24 
0.19 36 
Plant Characteristics and Yield. 
Plant height. 
Analysis of variance indicates that fertilizer use significantly (P<0.01) increased 
plant height recorded on April 23, 1992 (Table 9). Further, it was observed that tillage 
practices also significantly increased the plant height (P<0.05). The increase under 
moldboard and chisel plow was 4% over the no till treatment and fertilizer application 
increased height 25% over the no-fertilizer treatment (Table 11). The interaction 
between the tillage and fertilizer treatments was not statistically significant (P>.05). 
Spike length. 
There was a highly significant (P<0.01) difference due to fertilizer use (Table 
9). The recommended fertilizer rate increased spike length 23% when compared with 
no fertilizer, but the deep tillage practices did not improve the spike length over no till 
treatment (Table 11). 
Grain yield. 
The fertilizer increased grain yield highly significantly (P<0.01). The 
increase in yield was 82% compared with the check treatment (Table 11). However, 
the differences due to different tillage practices were not significant (P>0.05), even 
though an 8-10 % increase was noticed in the tillage treatments over no-till (Table 9 
and 11). 37 
Table 11. Average plant characteristics of wheat at Barani College. 
Plant height, cm 4.23.92 
T1 
75.6 
T2 
78.7 
T3 
78.8 
FO 
69.0 
Fl 
86.4 
Spike length, cm. 4.23.92 
9.5  10.7  10.8  9.3  11.4 
Total grain yield, Kg/ha. 
2792  3032  3038  2098  3810 
Water use efficiency, Kg ha"min-1 
6.5  7.1  7.1  4.9  8.9 38 
Water use efficiency. 
There were highly significant differences (P<0.01) between fertilizer and check 
treatments in increasing water use efficiency but the tillage practices showed no 
significant effects (Table 9). 
Maize at Mangial, July to Oct. 1992. 
Profile Moisture Content of the Missa Soils. 
After wheat harvest in May 1992, the field was tilled with the same layout of 
tillage treatments, and maize was sown on July 12, 1992. 
Differences in water content of the soil samples (Table 12) taken at 15, 36, and 50 
days after seeding were not significant (P> 0.05) among the tillage treatments or 
fertilizer use (Table 14). Moisture content was significantly higher (P<0.01) under 
minimum till in samples taken at 74 and 86 days from seeding (Table 14). 
There was 6.3 cm evaporation and 10 cm rainfall recorded during the first 15 day 
period (Table 13). Greater water contents were recorded with increasing depth (Table 
15). Three rain storms of 4.1, 3.1 and 2.3 cm were recorded during this period 
(Appendix Table 10). The water contents increased 11% in samples taken at 36 days 
over the previous sampling at 15 days (Table 13). Greater moisture contents were 
noted at greater depths compared with upper surface samples (Table 15). Total 
precipitation and pan evaporation recorded between 15 and 36 days was 25 and 8.1 
cm, respectively (Table 13). The daily weather data (Appendix Table 10) show two 39 
9.0 cm rain events between 15 and 36 days. There must have been runoff, as profile 
moisture increased only 11% or 3 cm. 
At 50 days, soil profile moisture remained the same as in the previous 
sampling, with 6 cm precipitation and 5.6 cm pan evaporation recorded (Table 13). 
Moisture distribution in the profile remained the same (Table 15). There was a 5 cm 
rainfall on day 37 after seeding (Appendix Table 10). 
The soil samples taken at day 74 from seeding show a  17% decrease in 
moisture (Table 13) and differences in water content were highly significant (P<0.01) 
among tillage treatments. There was no rain and 7.8 cm evaporation (Table 14). There 
was 19 and 26% higher water content in minimum till than in moldboard plow and 
chisel treatments, respectively (Table 12). There was a 10 cm rainfall event on day 61 
(Appendix Table 10). 
At the last sampling day, 86, there was a 9% decrease in water content from 
the previous sampling and significant differences (P<0.05 ) among tillage treatments 
(Table 12, 13 & 14). No rainfall and 5.1 cm evaporation were recorded. The moisture 
content still increased with depth (Table 15). 
Plant Characteristics and Yield. 
Seedling emergence.
 
Seedling emergence data show significant differences  (P<0.05) among tillage
 
treatments and highly significant effect of fertilizer use (Table 14). 40 
Table 12. Average soil moisture content under maize at Mangial. 
cm/120 cm 
Date  Days  T1  T2  T3  FO  Fl 
07.26.92  15  28.9  28.7  27.5  27.8  29.0 
08.16.92  36  32.8  31.0  30.9  31.9  31.2 
08.30.92  50  31.5  32.6  30.6  31.5  31.6 
09.23.92  74  30.8  25.8  24.3  27.9  26.1 
10.05.92  86  26.2  24.2  24.0  24.8  24.8 
Table 13. Total rainfall and evaporation during sampling periods 
Maize at Mangial. 
Period  Days after  Total rain  Total pan  Avg. water 
seeing  evap.  content. 
cm  cm  cm/120cm 
07.12.92-07.26.92  15  10.0  6.3  28.4 
07.27.92-08.16.92  36  25.0  8.5  31.5 
08.17.92-08.30.92  50  6.0  5.6  31.6 
08.31.92-09.23.92  74  0.0  7.8  27.0 
09.24.92-10.05.92  86  0.0  5.1  24.8 41 
Table 14. Summary of statistical analysis of water content and crop characteristics. 
Maize at Mangial 
Source WC1 
Rep.  n.s 
Till.  n.s 
Fert.  n.s 
Till*Fert.n.s 
WC2 
n.s 
n.s 
n.s 
n.s 
WC3 
* 
n.s 
n.s 
n.s 
WC4 
n.s 
** 
n.s 
n.s 
WC5 
n.s 
** 
n.s 
n.s 
Y1 
n.s 
* 
** 
n.s 
Y2 
** 
** 
** 
** 
Y3 
n.s 
** 
** 
** 
Y4 
n.s 
** 
** 
n.s 
Y5 
n.s 
** 
** 
n.s 
WC: Water content at 5 sampling dates. 
Yl: Plant population 
Y2: Plant height, 8.17.92 
Y3: Plant height, 10.9.92 
Y4: Cob length 
Y5: Grain yield. 
Table 15. Soil moisture distribution with time and depth. 
cm3/cm3 
Maize at Mangial 
Days  0-15cm  15-30cm  30-60cm  60-90cm  90-120cm 
15 
36 
50 
74 
86 
0.19 
0.20 
0.21 
0.19 
0.15 
0.22 
0.23 
0.22 
0.18 
0.18 
0.25 
0.27 
0.27 
0.22 
0.18 
0.24 
0.28 
0.28 
0.23 
0.22 
0.25 
0.18 
0.28 
0.26 
0.21 42 
The chisel and moldboard treatments increased plant population 8 and 4% over 
minimum till, respectively (Table 16). Fertilizer use increased seedling emergence 7% 
over the check. 
Plant height, August 17, 1992 
Fertilizer significantly increased plant height. Tillage, replication and till * fert. 
interaction were all highly significant (P< 0.01) (Table 14). 
Plant height, October 9, 1992. 
The chisel and moldboard tillage practices increased plant height 14 and 9% 
over minimum till, respectively (Table 14, 16). Fertilizer increased plant height 14% 
compared to no fertilizer. The till  fert interaction was also significant (Table 14). 
Cob length. 
The data showed deep tillage and fertilizer use increased cob length highly 
significantly ( P< 0.01 ) over minimum till and check, respectively (Table 14). 
Fertilizer increased length of cob 26% compared to the check. Chisel and moldboard 
tillage length increased 26 and 12% over minimum till, respectively (Table 16). 
Grain yield 
The yields differed significantly among tillage practices and fertilizer use 
(Table 14). There was 27 and 24% increase in grain yield in chisel and moldboard 43 
Table 16. Average plant characteristics of maize at Mangial. 
Plant population /m2 
T1 
9.5 
T2 
10.3 
T3 
9.9 
FO 
9.6 
Fl 
10.3 
Plant height, cm. 8.17.92 
127  144.7  139.3  126.0  148.0 
Plant height, cm. 10.09.92 
208.2  238.2  226.5  204.6  244.0 
Cob length, cm. 
12.9  15.8  14.5  12.2  16.6 
Total grain yield, Kg/ha. 
3145  3977  3890  3098  4244 
Water use efficiency, Kg ha'mm' 
5.4  6.8  6.6  5.3  7.2 44 
over minimum till, respectively (Table 16). The fertilizer use increased yield 37% 
compared to the check (Table 16). 
Water use efficiency. 
The tillage practices increased WUE 26 and 22% over minimum till and 
fertilizer use increased WUE 35% over the check (Table 16). 
Maize at Barani College, July to Oct. 1992. 
Profile Moisture Content of the Rawalpindi Soils. 
The water content data taken throughout the growing season show no 
significant differences (P> 0.05) among tillage practices or fertilizer use (Table 19) 
expect on the first sampling where the unfertilized plots had significantly lower 
moisture content (P< 0.05 ). 
The greatest water content in the profile was at 60 cm, decreasing below and 
above (Table 20). There was no rain and 2.1 cm evaporation in the first 5 days from 
seeding (Table 18). 
Soil profile moisture increased 15% at 29 days, with 27.4 cm precipitation and 
7.8 cm evaporation (Table 18). The daily weather data (Appendix Table 14) show that 
75% of the total precipitation (27.4 cm) between the sampling periods occurred at 17 
days after seeding. The chisel and moldboard treatments indicate 5  6% less moisture 
compared with zero till (Table 17) but the differences were not statistically significant 45 
(Table 19). The data again indicate an increasing trend in moisture content with depth 
to 60 cm and a decrease from there (Table 20). 
At 39 days, profile water remained the same even with 10.6 cm rain and 3.2 
cm evaporation during the previous 10 days (Table 18). Fifty six percent of 10 days 
total precipitation occurred on 17 August (Appendix Table 14). Five percent less 
moisture was noted in chisel and moldboard treatments than in zero till (Table 17). 
The highest water content again occurred at 60 cm (Table 20). 
At 69 days, water content decreased 14%, even with 19.4 cm rain and 9.5 cm 
pan evaporation (Table 18). The weather data indicate that 60% of the precipitation 
occurred on single day of Sept. 10, 1992 (Appendix Table 14). Water content noted in 
chisel and moldboard treatments was 3- 5% lower than in zero-till (Table 17). The last 
sampling, at day 79, indicated 5% lower water content than in the previous sampling, 
with no rain and 4.4 cm evaporation (Table 18). The zero till treatment showed a 5% 
higher water content compared to tillage treatments (Table 17). Water was withdrawn 
from the top 30 cm of the profile (Table 20). 
Plant Characteristics and Yield. 
Plant population. 
Plant population was increased significantly by tillage and fertilizer (Table 19 
and 21). The chisel and moldboard tillage treatments showed 33% higher seedling 46 
Table 17. Average soil moisture content under maize at Barani College. 
cm/120 cm 
Date  Days  T1  T2  T3  FO  Fl 
7.23.92  6  25.1  24.8  26.4  23.9  26.9 
8.15.92  29  30.2  28.8  28.5  29.3  29.0 
8.25.92  39  30.3  28.8  28.5  29.2  29.2 
9.24.92  69  26.3  25.6  25.1  25.9  25.5 
10.04.92  79  25.4  24.0  24.1  24.6  24.4 
Table 18. Total rainfall and evaporation during sampling periods 
Maize at Barani College. 
Period  Days after  Total rain  Total pan  Avg. water 
seeing  evap.  content. 
cm  cm  cm/120cm 
07.18.92-07.23.92  6  0.0  2.6  25.4 
07.24.92-08.15.92  29  27.4  7.7  29.2 
08.16.92-08.25.92  39  10.6  3.2  29.2 
08.26.92-09.24.92  69  19.4  9.5  25.7 
09.25.92-10.04.92  79  0.0  4.4  24.5 47 
Table 19. Summary of statistical analysis of water content and crop characteristics. 
Maize at Barani College. 
Source  WC1 WC2 WC3 WC4 WC5 Y1  Y2  Y3 
Rep.  n.s  n.s  n.s  n.s  n.s  n.s  n.s  n.s 
Till.  n.s  n.s  n.s  n.s  n.s  **  **  * 
Fert.  *  n.s  n.s  n.s  n.s  **  **  ** 
Till*Fert.  n.s  n.s  n.s  n.s  n.s  *  n.s  n.s 
WC: Water content at 5 sampling dates.
 
Yl: Plant population
 
Y2: Grains per cob.
 
Y3: Grain yield.
 
Table 20. Soil moisture distribution with time and depth. 
Maize at Barani College.  cm3 /cm3 
Days 0-15cm  15-30cm  30-60cm  60-90cm  90-120cm 
6  0.16  0.21  0.24  0.22  0.21 
29  0.20  0.24  0.26  0.25  0.24 
39  0.21  0.22  0.27  0.25  0.24 
69  0.18  0.22  0.22  0.23  0.21 
79  0.13  0.17  0.23  0.22  0.21 48 
emergence than zero till. Fertilizer use increased seedling emergence 33% over the 
check and the differences were highly significant. 
Grains per cob. 
The grain per cob increased significantly due to tillage and with fertilizer use 
(Table 19). The chisel and moldboard plow increased 61 and 58% over zero till and 
fertilizer use increased 67% compared with the check (Table 21). 
Grain yield. 
Tillage increased grain yield significantly (P< 0.05 ). The deep tillage impact 
was 17% over zero till (Table 19 & 21). The fertilizer use effect was highly 
significant (P< 0.01 ) even though the increase in yield was only 17% (Table 19 & 
21). 
Water use efficiency. 
There was 16 and 17% increase in WUE by tillage and fertilizer use over zero 
till and check treatments, respectively (Table 21). 49 
Table 21. Average plant characteristics of maize at Barani College. 
Plant population per m2 
T1  T2  T3  FO Fl 
6  8  8 6 8 
Grains per cob. 
250  395  403  261  437 
Total grain yield, Kg/ha. 
2084  2448  2446  2139  2513 
Water use efficiency, Kg ha'mm' 
3.6  4.2  4.2  3.7  4.3 50 
DISCUSSION 
Impact of Tillage Systems on Soil Moisture Content for Wheat. 
Wheat at Mangial. 
The total soil moisture content of the 120 cm profile was greater under 
minimum till than under deep till treatments on six of eight sampling dates during the 
crop period (Table 2). The moisture content varied from 20.9 to 36 cm/120 cm. Lower 
water content under tillage treatments is most likely explained by increased root 
growth and consequently greater extraction of water. This was not measured but there 
were greater shoot growth under tillage treatments. Below 30 cm, tillage practices did 
not influence soil water content (Appendix Table 3). 
The rainfall during the growing season was timely, such that no apparently 
serious plant water stress occurred. There was 9.8, 9.5, and 7.4 cm rainfall during the 
months of Jan., Feb. and March, respectively and 4.5, 5.8, and 9.5 cm pan evaporation 
in these months. Thus, adequate moisture was available for tillering, heading and 
maturing of wheat. Evaporation was lower in early winter and increased in spring 
(Appendix Table 2 ). Small storms continued to supply adequate soil moisture 
throughout the growing season. 
These results are supported by the work of Webber et al. (1987) who 
conducted field trials on a silty clay loam soil near Columbia, Missouri. Soil moisture 
for two growing seasons was similar among tillage treatments and was greatly affected 51 
by seasonal rainfall. The deep till treatment showed greater recharge of water to the 
profile after rainfall events but also tended to dry more rapidly during periods of low 
rainfall. The greater recharge in deep till treatments indicates higher infiltration  rates. 
Rainfall varied from 300 to 700 mm in the three seasons. 
Sharma and Achary a (1987) conducted field experiments at the Experiment 
Farm of Himachal Pradesh Agri. University, Palampur, India on rained wheat and 
found that the plants under moldboard and deep ploughing treatments did not show 
nitrogen stress despite low availability of nitrogen. The total uptake of nitrogen under 
tillage treatments was higher than under conventional cultivation, suggesting that 
plants may meet their N requirement even under low fertility situations with soil 
management practices that encourage an enlarged root-system. They also recorded 
increased dry matter yield by 207, 110 and 68% over minimum till at tillering,  stem 
elongation and heading, respectively, and a significant increase in grain yield in deep 
tillage over minimum till. 
Wheat at Barani College. 
There were no significant differences in profile water content among the tillage 
or fertilizer treatments at any sampling dates during the wheat crop season (Table 9). 
However, there was profile recharge and depletion during rain and dry periods, 
respectively. There was a well-distributed 38 cm rainfall during the crop season 
(Appendix Table 6). Rainfall and evaporation data on a monthly basis show rainfall 52 
exceeding evaporation during January, February and March, 1992.  Thus, the crop was 
not apparently under water stress. 
In the studies by Arora et al. (1991) and Singh et al. (1991) in Punjab, India, 
no-till was inferior to most other tillage treatments with regard to water content and 
grain yield. Low water content in the upper soil layer resulted in poor yields with no 
till at Varonasi (Singh et al., 1991). At Ludhiana, low water retention, excessive 
permeability and high mechanical resistance along with high evaporation contributed 
to the poor results with no-till compared with deep plowing (Arora et al., 1991). 
Comparison of soil water content results at College and Mangial locations. 
Rainfall during the growing season was 6 cm greater and evaporation 6 cm 
lower at the College location compared to Mangial location. The minimum till 
treatment commonly had significantly greater soil water content than did deep tillage 
treatments at the Mangial location, especially in the upper 30 cm depth under wheat. 
At the College location, differences in soil water content were not significant among 
tillage systems. The difference in tillage effect on soil water content between locations 
appears to be due to the 65% higher available water storage capacity at the Mangial 
location compared to the College soil. Deep tillage would conserve more water in silt 
loam than in sandy loam soils. The calculated available water storage capacity of soil 
at Mangial and College was 28% and 17%, respectively. 
At Mangial, lower rainfall and higher evaporation compared with the College 
location indicates that deep till practices may have improved the infiltration of the silt 53 
loam soil. Similar conclusions were drawn by Denton and Wagger (1992)  in a field 
trial on two soil types. There was a higher potential of tillage systems to reduce 
drought stress on sandy clay loam (26% clay) subject to sealing and runoff compared 
with a sandy loam (clay 2%) soil. 
Impact of Tillage Systems on Yield and Yield Components. 
Mangial location. 
Seedling emergence was greater in deep till treatments compared with 
minimum till (Table 6). This could be attributed to higher porosity in plowed layers 
and better contact between seed and soil particles to allow water to move rapidly into 
the seed for rapid germination. 
Plant height measured at different dates during the growing  season (Table 5) 
and grain yield were significantly greater in deep till treatments. This could result 
from higher established plant populations under deep till.  All measured yield 
components contributed to increased yield. The results also suggest that better seedling 
emergence and more favorable moisture regime under deep till may be responsible for 
increased grain yield. Significantly higher yields from fertilizer treatment can be 
attributed to increased nutrient availability and to better utilization of moisture. 
Webber et al. (1987) observed that adequate seasonal soil moisture enabled 
soybeans grown under conventional tillage to have greater vegetative growth and 54 
yields. They concluded that amount and distribution of seasonal rainfall were the most 
important factors in determining soybean seed yields. 
Barani College location. 
Plants were significantly taller under deep tillage treatments compared to no-
till. Deep tillage improved soil physical conditions for crop establishment. The spike 
length and grain yield were not significantly different among tillage treatments, even 
though there was a 8-10% increase in grain yield under deep tillage in this sandy 
loam soil. 
Wagger and Denton (1989) noticed that the 2 year mean yield reflected little 
difference among tillage systems in coarse sandy loam soils at a Coastal Plain 
location. Grain yields for no-till wheat at a North Carolina Piedmont location in a 
sandy clay loam (clayey, kaolinitic, thermic typic Hapludult) were generally lower 
than for conventional till due to decreased soil water availability. The results reported 
by Oussible and Crookston (1987) agree with our findings; they found that a subsoiler 
lowered bulk density, increased air filled porosity 50%, and significantly decreased 
mechanical resistance of clay loam in a semi-arid region of Morocco. It was observed 
that plant growth on subsoiled plots was significantly greater than for non subsoiled 
plots and that grain yield was also significantly greater in subsoiled plots. They 
concluded that timing of rainfall usually had a greater effect on wheat yield in 
Morocco than did the total amount received. 55 
Comparison of Wheat Yield and WUE at the College and Mangial Locations. 
Grain yield of wheat was significantly greater in deep tillage treatments, 
averaging 3660 and 3532 Kg/ha versus 2650 Kg/ha for wheat at Mangial. The greatest 
yield was in the chisel treatment (Table 6). 
At the College, yields were also higher in deep tillage, averaging 3032 and 
3038 Kg/ha versus 2792 Kg/ha. The yield differences were not significant among 
tillage treatments. The comparison shows smaller yields at the College than observed 
at Mangial. 
Since water use was about the same under different treatments, water use 
efficiency depends on yield. The greater grain yields under deep till explain the lower 
water use efficiency for minimum till. The water use efficiency was significantly 
higher in deep tillage, averaging 9.9 Kg ha' mm1 versus 7.5 Kg ha-1 mm' at the 
Mangial location. At the College location, the water use efficiency of deep tillage 
treatments averaged 7.1 versus 6.5 Kg ha-1 mm -1  in no-till. The WUE was not 
significantly different among tillage treatments. 
The yield and WUE results show that deep tillage impact was significant in the 
silt loam at Mangial, but not on the sandy loam soil at the College. The deep tillage 
treatment effects at the College were less pronounced. The most obvious reasons are 
the relatively better rainfall distribution at the College (Appendix Table 6) and the 
difference in soil texture. The calculated available water storage capacity of soil at 
Mangial and College was 28% and 17%, respectively. 56 
Similar results were reported by Singh et al. (1975) from a 3-year field trial in 
Punjab, India, with dryland winter wheat on two soils of high (clay loam) and low 
(loamy sand) water holding capacity. Water use and WUE increased with N rates in 
the clay loam. Grain yield was higher in the clay loam than in the loamy sand soil due 
to relatively higher stored water in the clay loam soil. 
The fertilizer increased yield 82% over the check at the College and 37% at 
Mangial. Fertilizer treatment showed 8.9 WUE versus 4.9 Kg ha' mm-1 in the check at 
the College and 10.3 versus 7.5 Kg ha' mm' at Mangial. The greater fertilizer 
response at the College might have been due to increased root development in 
relatively lighter soil. The fertilizers, through increasing the root  development, help 
plants to use soil water to higher tensions and at greater depth. 
Singh et al. (1975) observed that water use from clay loam progressively 
increased with N-rates up to 120 Kg/ha, as did the yields. They pointed out that the 
water content of the profile at harvest time showed that difference in water use would 
have been greater if soil water content were monitored to depths greater than 180 cm. 
Amir et al. (1991) evaluated management practices which might improve  the 
water use efficiency of spring wheat in an arid Mediterranean type environment in 
Israel. They found that when water was not limiting, N was the major factor affecting 
yield. The fertilizer had a significant influence on WUE in a continuous-wheat system 
in six out of ten years. 57 
Impact of Tillage System on Soil Moisture Content for Maize. 
Maize at Mangial. 
Differences in water content among tillage treatments were not significant for 
the first three sampling dates, a period of 50 days for the maize crop at Mangial. 
About 85% (35 cm) of the total rainfall during the entire crop growing season 
occurred within these 50 days, and the distribution pattern was such that no water 
stress was apparent (Appendix Table 10). Further, from the weather data, pan 
evaporation was only 19 cm. There must have been significant runoff during this 
period, but no measurements were made to confirm this. There are significant 
differences among tillage treatments during the last two soil sampling dates (Table 3). 
The lower water content in deep tillage suggests more water used by the crop. 
Ahmad et al. (1990) analyzed the results of field studies carried out from 1983 
to 1988 at the Fatehjang watershed in Pakistan to develop a relationship for runoff and 
soil loss in cultivated areas. The effects of surface cover and gradient on runoff and 
loss in an integrated land use system were also evaluated. The data showed annual 
surface runoff ranged from 13 to 70% for a 1% slope under crop and 39- 51 % 
average annual surface runoff from a 1-10% slope field under crop. 
The greatest storm sizes recorded were 4 cm on 14 July, 9, 9 and 5 cm on 3, 8 
and 17 August, 1992, respectively, and 10 cm on 10 September. Therefore, there must 
have been more than 50% runoff from the plots. 58 
The result reported by Sharma (1991) from a field experiment at Faizabad, 
India, with fodder maize on a deep, uniform, sandy clay loam (lithic Ustochrept) with 
an available water capacity of 21.5 cm in a 120 cm soil profile, show that moisture 
storage was comparable under moldboard and conventional tillage and was 
significantly higher than under minimum till. The climate of this region is tropical sub 
humid with a mean temperature 26 C° and a mean annual rainfall varying from 800 to 
1300 mm. 
Maize at Barani College. 
The water content data taken throughout the growing season showed no 
significant differences among tillage practices or fertilizer use (Table 19). From  the 
weather data (Table 18) 57 cm rainfall and 25 cm pan evaporation were  recorded 
during the maize growing season. As noted above, there must have been runoff; 
Ahmad et al. (1990) reported the annual surface runoff ranged from 13 to 70%  for a 
1% slope under crop and 39- 51 % average annual surface runoff from a 1-10% slope 
field under crop. Higher water content at some sampling times under the  fertilizer 
treatment can not be explained. 
A field study carried out for five years in Ibadan, Nigeria on a tropical Alfisol 
(annual rainfall of 1000 to 1500 mm) by Osuji (1984) showed  that at all times zero 
tillage had a higher water content in the surface soil (0-30cm)  than the cultivation 
treatments. The differences were not significant in the early season, but in the late 
season soil water content was significantly greater  in the zero tillage than in other 59 
treatments. Below 30 cm however, tillage practices did not influence soil water 
content. Al-Darby et al. (1987) found from a field study on a silt loam (fine loamy, 
mixed, mesic, typic Argiudoll) near Arlington, WI,  USA that soil water was greatest 
for no-till and lowest for moldboard plow in the 0-25 cm zone in two growing 
seasons. Soil water storage under chisel till was lowest in one year. This was probably 
due to sub-soil drainage or because of higher root distribution with the chisel plow 
treatment. 
Comparisons for maize at the College and Mangial locations. 
Tillage did not show a significant effect on soil water content during the whole 
growing season from July 18, 1992 to October 5,  1992 at the College location. The 
fertilizer treatment showed a significant difference in water content over the check 
only at the first sampling. The reason it occurred is not clear. 
At the Mangial location, differences in water content were not significant 
among tillage treatments at the first three sampling dates. In the last two sampling 
dates, minimum till showed significantly greater water content compared to deep 
tillage treatments. This may have been due to greater water uptake by the crop in the 
deep tillage treatments. 
The rainfall and pan evaporation data were summed for every 15 days from 
August to Sept. 30, 1992 for both locations. The data shows that there was always 
reasonable rainfall at both locations, except in the last two periods where evaporation 60 
was greater than rainfall. Considerable rainfall occurred during every two week period. 
Thus, any evaporation loss could have been replaced. 
Impact of Tillage and Fertilizer Use on Yield and Water Use Efficiency. 
Maize at Mangial. 
Plant population and plant heights were significantly greater under deep till 
practices compared with minimum till. Deep tillage practices increased grain yield and 
water use efficiency significantly over minimum till (Table 14). This trend in yield 
and WUE was most probably due to breaking of a weak,  thin plough pan in these 
Missa soils (silt loam, Typic Ustochrept) as reported by Khan et al. (1986). Increased 
ease of root penetration allows more use  of moisture. 
Chaudhary et al. (1985) concluded from a field trial on loamy sand (Typic 
Ustipsamment) at Ludhiana, India, that better root growth and plant water status with 
deep tillage were reflected in better crop growth and higher yields. The periodic height 
of plants in different tillage treatments was greater in moldboard and sub-soiled than 
in control plots, However, differences among the deep tillage treatments were not 
significant. Similar trends were reported by Sharma (1991), that different tillage 
systems significantly influenced maize growth even at initial stages in India. Plant 
height was significantly higher under conventional till than reduced or minimum till. It 
was further noted that green and dry matter yields of fodder maize were comparable 61 
under conventional and reduced till and significantly higher than under minimum till 
during the two years. 
Maize at the College. 
Plant population and grain per cob were highly significantly increased and 
grain yield significantly increased in deep tillage over no-till. Fertilizer use gave a 
highly significant increase in grain yield in deep till over the check. The most likely 
factors contributing to poor results with minimum tillage include poor weed control, 
irregular seeding since the hand seed drill broke twice while seeding in hard no till 
plots, and poor management. 
Cultivated treatments out-yielded zero till in the first two years of a study in 
Ibadan, Nigeria, by Osuji (1984). He also observed that water use efficiency for maize 
grain production was significantly higher in tilled plots than in the zero till. 
Al-Darby et al. (1987) reported from a field study at Arlington, Wisconsin, 
USA on a silt loam soil (fine loamy, mixed, mesic, Typic Argiudoll) that grain yield 
and water use efficiency were higher in chisel and moldboard plow than no-till 
treatments. In contrast, Thiagalingam et al. (1991) conducted a field trial in Northern 
Territory, Australia on a Tippera clay loam (Rhodic Paleustalf) and found that soil 
moisture at sowing and yield were highly significantly increased in zero till over 
conventional tillage treatments. The yield differences were attributed to the increased 
populations under no-till. 62 
Comparison of Maize Yield and WUE at the College and Mangial Locations. 
Maize yields were greater in deep tillage treatments compared with minimum 
till, averaging 3977 and 3890 Kg/ha in chisel and moldboard versus 3145 Kg/ha in 
minimum till at Mangial location. The greatest yield was in the chisel treatment. The 
water use efficiency was also greater in deep till versus minimum till, averaging 6.6 
and 6.4 versus 5.4 kg ha-imm-1 . The fertilizer increased water use efficiency to 7.2 
over 5.3 kg ha'mm' for the check. 
At the College location, yield was greater under deep tillage, averaging 2448, 
2446 Kg/ha versus 2084 Kg/ha in the zero till. Fertilizer use increased WUE in deep-
till to 4.3 over the check at 3.7 kg ha'mm'. The comparison of results between 
locations indicate that generally yield and water use efficiency were greater at the 
Mangial location. This was partially due to hailstorms at the College during the crop 
season. There were summer weed problems especially in the no till treatment. The 
sandy loam soil at the College might have resulted in wilting stress during mid-
afternoon, which is common with these well-drained sandy soils compared to the silt 
loam soil at the Mangial. The greater yield and WUE of maize in silt loam over loamy 
sand soils reported by Al-Darby et al. (1987) confirm our findings. Grevers et al. 
(1986) observed that the water use efficiency increased from medium texture (5.3 kg 
ha-'mm-1 for loam) to fine texture (18.6 kg ha'mm' for heavy clay) under zero-till in 
Nigeria. 63 
Evaluation of Tillage Effects. 
The divergent results encountered in the literature regarding no-till versus deep 
tillage are because grain yield is not a single function of water use during the growing 
season but is a function of number of other factors, e. g. nutrient availability, root 
growth and soil temperature. The higher surface soil temperatures in moldboard plow 
treatments compared to no-till systems at planting and during the growing season 
resulted in early emergence and better early growth under moldboard treatment 
compared to no-till systems (Lal, 1980). Lal (1980) also reported that seedbed 
preparation in the tropics exposes more surface area to high insolation. This results in 
higher than optimal temperature, compared with tillage with a residue mulch. 
No-till is not a viable option for crop production on severely degraded soils, 
low in fertility, poor soil physical conditions, low infiltration rate and poor plant 
growth. Singh et al. (1975) observed that well-distributed rainfall kept the upper layer 
of soil wet throughout the growing season, thus roots were not forced to grow deeper 
under the zero till. A period of 4 to 8 days of water stress at silking has been found 
to reduce corn yield by up to 50%. The deep tillage had shown high root distribution 
and deeper rooting due to the ease of penetration. In some areas where erosion is a 
problem, higher yields were due to better maintenance of soil fertility arising from 
reduced erosion in the zero tillage (Osuji and Baba lola 1982). Ike (1987) found greater 
yield under no-till due to greater deterioration of soil properties often associated with 
intensive and continuous plowing of soil under conventional tillage. It has also been 
noticed that low N availability in soils was due to greater leaching and denitrification 64 
under no-till. Osuji (1984) observed that wilting in some soils occurred at relatively 
greater water potential and frequently drought stress sets in even a few days after a 
heavy rain, so zero-till with mulch would be a promising method to overcome this 
problem. 
Germination and weed control tend to be greater problems with no till systems 
than with deep till. These problems are more severe on poorly drained, fine-textured 
soils than on well-drained, coarse-textured soils. The poor response to no-till has been 
attributed to low water content in the upper soil layers. In sandy soils yield increases 
with depth of tillage. Restricted root systems can result in reduced nutrient absorption 
and growth of plants. Root growth may be affected as a result of an inadequate supply 
of water, sub-optimal soil temperature and mechanical impedance. Crop responses to 
zero-till vary greatly depending on soil type, rainfall distribution and other factors. 65 
CONTRIBUTIONS TO THE KNOWLEDGE 
Deep tillage practices increased wheat emergence, plant height, grain yield and 
water use efficiency (WUE) over minimum till. This could result from decreasing bulk 
density, better contact between soil and seed, breaking a plow layer, more water 
storage, and better weed control. 
The increase in wheat yield from fertilizer application was relatively greater 
under deep tillage treatments than in minimum till. This could be attributed to early 
plant emergence and better root development. Fertilizer also increased WUE, which 
was expected from other studies. 
The deep tillage treatment increased maize grain yield and WUE over 
minimum till. The fertilizer application also increased yield and WUE over check. 
Deep tillage compared to no-till increased wheat yield and WUE for the sandy 
loam soils at Barani College more than for the silt loam soils at the Mangial. The 
reason is not clear. The results of these tillage experiments under different climates 
and soils at the two sites showed that deep tillage had a larger effect on a soil of silt 
loam texture, low in organic matter and with a plow pan. Possibly minimum tillage 
did not loosen the soil enough for seed emergence, growth and yield at the Mangial 
site. 
The deep tillage impact on sandy loam soils at Barani College was relatively 
small, although it was still a better system than no till due to weed control problems, 
especially in no till summer maize. 66 
FUTURE RESEARCH NEEDS
 
More research is necessary to determine why tillage effects vary with soil types under 
different climatic conditions. Nutrient utilization, soil temperature changes, root 
elongation and distribution, runoff losses versus storage can all affect crop growth and 
yield. 
Adequate soil fertility ensures the most efficient use of available water. 
Evaporation losses are largely controlled by meteorological conditions, and not 
affected by management. Seasonal ET is nearly the same whether yields are low or 
high under dryland conditions. Rainfall can not be altered, so any management factors 
that increase water storage or otherwise increase yield will increase water use 
efficiency. They need to be identified and quantified. 67 
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Appendix Table 1. Soil profile moisture under wheat at Mangial. 
cm/120 cm 
Date  T1  T2  T3 
12.11.91  FO  Fl  FO  Fl  FO  Fl 
R1  24.9  24.1  25.1  24.0  25.2  22.4 
R2  27.1  24.5  23.2  23.8  25.0  24.8 
R3  28.1  26.8  27.0  28.4  26.2  25.5 
12.18.91 
R1  21.2  223  21.2  21.4  20.3  20.6 
R2  23.5  21.9  21.2  22.4  21.5  21.8 
R3  23.5  25.4  21.6  24.0  24.1  22.2 
1.1.92 
R1  253  23.8  233  24.2  22.4  20.1 
R2  23.7  25.2  23.3  22.6  23.5  22.2 
R3  28.0  26.8  24.9  26.4  24.0  25.4 
1.16.92 
R1  23.5  21.2  22.4  22.4  19.0  18.5 
R2  233  223  22.6  23.2  19.8  20.6 
R3  25.7  23.7  22.8  25.2  24.5  22.7 
2.24.92 
R1  11.8  13.0  133  14.0  15.9  13.4 
R2  133  12.7  14.8  14.7  14.0  16.3 
R3  13.1  13.2  15.3  15.5  15.3  15.1 
3.7.92 
R1  34.6  34.3  33.8  34.5  34.7  34.6 
R2  36.6  37.3  34.3  34.0  35.0  34.2 
R3  37.9  35.0  35.1  35.8  34.4  33.1 
3.16.92 
R1  312  30.6  29.5  30.2  29.5  29.9 
R2  29.1  30.1  27.8  27.8  27.2  30.6 
R3  32.4  28.1  27.7  28.5  27.7  25.3 
3.31.92 
R1  32.7  33.7  32.0  32.8  33.1  33.5 
R2  32.6  33.6  33.0  33.9  32.8  34.0 
R3  32.6  33.0  32.6  33.9  32.6  33.5 
4.25.92 
R1  28.5  302  28.6  30.4  29.5  29.9 
R2  29.8  30.7  283  29.7  28.6  303 
R3  293  30.0  29.0  30.7  28.5  29.6 75 
Appendix Table 2. Weather data for wheat at Mangial. 
Days  Date  Rainfall  Pan Evap  Days  Date  Rainfall  Pan Evap 
cm  mm  cm  mm 
1  Nov.29.91  0.00  1.79  46  13  0.00  1.97 
2  30  1.23  2.86  47  14  0.00  1.42 
3  Dec.1  0.00  1.00  48  15  0.00  1.95 
4  2  0.00  1.00  49  16  0.00  1.38 
5  3  0.00  2.70  50  17  0.00  1.88 
6  4  0.00  1.40  51  18  0.00  1.29 
7  5  0.00  1.80  52  19  0.00  0.00 
8  6  0.00  1.10  53  20  0.00  0.00 
9  7  0.00  2.10  54  21  0.00  1.36 
10  8  0.00  0.90  55  22  0.00  3.12 
11  9  0.00  2.90  56  23  0.00  1.10 
12  10  0.00  2.50  57  24  0.47  0.00 
13  11  0.00  1.70  58  25  0.47  2.55 
14  12  0.00  1.70  59  26  0.14  0.36 
15  13  0.00  1.10  60  27  0.47  0.00 
16  14  0.00  2.60  61  28  0.43  1.44 
17  15  0.00  1.10  62  29  1.10  1.60 
18  16  0.00  1.20  63  30  6.70  0.00 
19  17  0.00  1.10  64  31  0.00  1.35 
20  18  0.00  1.20  65  Feb.1.92  0.00  2.11 
21  19  0.00  1.30  66  2  0.00  1.78 
22  20  0.00  2.70  67  3  0.00  2.07 
23  21  0.86  0.00  68  4  0.00  1.78 
24  22  1.20  0.00  69  5  0.00  1.26 
25  23  0.00  1.00  70  6  0.00  0.00 
26  24  0.00  1.00  71  7  3.10  0.00 
27  25  0.00  0.90  72  8  0.00  1.86 
28  26  0.00  0.40  73  9  0.00  1.24 
29  27  0.00  2.10  74  10  0.00  3.11 
30  28  0.00  0.19  75  11  0.00  3.14 
31  29  0.00  1.50  76  12  0.00  2.52 
32  30  0.00  1.40  77  13  5.40  0.00 
33  31  0.00  1.20  78  14  0.00  1.17 
34  Jan. 1.92  0.00  1.60  79  15  0.00  3.35 
35  2  0.00  1.10  80  16  0.00  2.39 
36  3  0.00  1.10  81  17  0.00  2.26 
37  4  0.00  2.70  82  18  0.00  2.54 
38  5  0.00  3.60  83  19  0.00  2.76 
39  6  0.00  2.40  84  20  0.33  0.60 
40  7  0.00  0.90  85  21  0.00  1.46 
41  8  0.00  0.30  86  22  0.00  1.56 
42  9  0.00  1.60  87  23  0.00  2.88 
43  10  0.00  1.00  88  24  0.00  2.68 
44  11  0.00  3.40  89  25  0.00  1.87 
45  12  0.00  2.70  90  26  0.00  3.08 
Continued 76 
Days  Date  Rainfall  Pan Evap  Days  Date  Rainfall  Pan Evap 
cm  mm  CM  mm 
91  27  0.00  2.09  136  12  0.00  3.55 
92  28  0.00  2.10  137  13  0.00  3.95 
93  29  0.68  4.06  138  14  0.00  4.56 
94  Mar.1.92  0.00  1.18  139  15  0.00  5.64 
95  2  0.00  4.10  140  16  0.00  3.52 
96  3  0.00  2.46  141  17  0.00  4.81 
97  4  0.00  4.48  142  18  0.00  4.58 
98  5  0.00  3.18  143  19  0.00  5.04 
99  6  0.00  2.94  144  20  0.00  0.81 
100  7  0.00  4.72  145  21  0.00  2.38 
101  8  0.00  3.74  146  22  0.00  2.91 
102  9  0.00  4.11  147  23  0.00  3.10 
103  10  0.00  4.55  148  24  0.00  3.67 
104  11  0.00  3.18  149  25  0.00  5.51 
105  12  0.00  3.41  150  26  0.00  4.49 
106  13  0.39  1.09  151  27  0.00  4.66 
107  14  0.00  4.58  152  28  0.00  4.26 
108  15  0.00  4.39  153  29  0.35  5.13 
109  16  0.00  433  154  30  0.00  4.38 
110  17  0.00  2.66  155  May 1, 92  038  1.84 
111  18  0.00  4.55  156  2  0.00  5.22 
112  19  0.00  5.66  157  3  1.00  8.23 
113  20  0.00  1.30  158  4  0.00  4.23 
114  21  0.00  1.40  159  5  0.20  4.49 
115  22  0.40  2.87  160  6  0.00  5.17 
116  23  1.90  3.24  161  7  0.00  5.60 
117  24  0.00  0.10  162  8  0.00  5.50 
118  25  0.75  2.90  163  9  0.00  5.90 
119  26  2.50  0.00  164  10  0.00  7.49 
120  27  1.50  0.00  165  11  0.00  7.17 
121  28  0.00  3.57  166  12  0.00  7.50 
122  29  0.00  2.68  167  13  0.00  11.13 
123  30  0.00  3.53  168  14  0.00  7.78 
124  31  0.00  3.89  169  15  0.00  9.59 
125  Apr. 1.92  0.00  3.55  170  16  0.00  10.02 
126  2  0.00  3.18  33.85  466.28 
127  3  0.00  4.33 
128  4  0.40  1.70 
129  5  0.00  4.52 
130  6  0.50  0.85 
131  7  0.00  3.54 
132  8  0.00  4.81 
133  9  0.00  3.21 
134  10  1.00  3.86 
135  11  0.00  3.80 77 
Appendix Table 3. Soil moisture distribution with time and depth. 
m3 /m3 
12.11.91 
Depth(cm)  T1  T2  T3  FO  Fl 
0-15  0.15  0.13  0.12  0.13  0.13 
15-30  0.17  0.14  0.16  0.16  0.16 
30-60  0.22  0.23  0.23  0.23  0.23 
60-90  0.24  0.24  0.22  0.24  0.23 
90-120  0.24  0.24  0.23  0.24  0.24 
12.18.91 
0-15  0.10  0.08  0.07  0.09  0.08 
15-30  0.12  0.11  0.11  0.11  0.12 
30-60  0.21  0.20  0.21  0.20  0.21 
60-90  0.22  0.22  0.21  0.21  0.22 
90-120  0.22  0.22  0.22  0.22  0.22 
1.1.92 
0-15  0.17  0.14  0.14  0.14  0.15 
15-30  0.17  0.16  0.16  0.16  0.16 
30-60  0.21  0.21  0.21  0.21  0.22 
60-90  0.23  0.23  0.21  0.23  0.22 
90-120  0.23  0.22  0.20  0.22  0.21 
1.15.92 
0-15  0.12  0.09  0.09  0.10  0.10 
15-30  0.14  0.14  0.14  0.14  0.14 
30-60  0.21  0.21  0.20  0.21  0.20 
60-90  0.21  0.22  0.19  0.21  0.20 
90-120  0.22  0.22  0.20  0.21  0.21 
2.24.92 
0-15  0.10  0.10  0.11  0.10  0.10 
15-30  0.09  0.10  0.11  0.10  0.10 
30-60  0.10  0.12  0.12  0.11  0.12 
60-90  0.11  0.13  0.13  0.13  0.12 
90-120  0.12  0.14  0.13  0.13  0.13 
3.7.92 
0-15  0.26  0.26  0.25  0.26  0.25 
15-30  0.26  0.25  0.27  0.26  0.26 
30-60  0.32  0.31  0.31  0.32  0.31 
60-90  0.31  0.29  0.29  0.29  0.30 
90-120  0.31  0.29  0.28  0.30  0.29 
Continued 78 
3.16.92 
0-15  0.18  0.18  0.16  0.17  0.18 
15-30  0.21  0.19  0.19  0.20  0.20 
30-60  0.28  0.26  0.26  0.27  0.26 
60-90  0.28  0.25  0.25  0.26  0.26 
90-120  0.26  0.26  0.25  0.25  0.26 
3.31.92 
0-15  0.20  0.20  0.21  0.20  0.21 
15-30  0.24  0.24  0.24  0.24  0.25 
30-60  0.30  0.30  0.29  0.29  0.30 
60-90  0.30  0.30  0.29  0.29  030 
90-120  0.28  0.29  0.29  0.28  0.29 
4.25.92 
0-15  0.17  0.16  0.18  0.17  0.18 
15-30  0.21  0.20  0.20  0.19  0.21 
30-60  0.27  0.27  0.28  0.27  0.28 
60-90  0.27  0.27  0.26  0.26  0.27 
90-120  0.26  0.26  0.26  0.26  0.26 79 
Appendix Table 4. Plant characteristics of wheat at Mangial. 
Total number of plants in m2. 12.26.91 
T1 
FO  Fl 
R1  75.0  82.0 
R2  73.5  85.0 
R3  79.0  89.0 
Plant Height ( cm)  1. 14. 92 
13.8 
12.7 
122 
Plant Height ( cm) 
21.2 
23.0 
21.7 
Plant Height ( cm) 
44.0 
385 
49.0 
Plant Height ( cm) 
67.0 
74.0 
68.0 
Grain Yield ( Kg/ha) 
2314 
2285 
2056 
13.5 
16.0 
16.5 
2. 15. 92. 
28.0 
29.7 
29.5 
3. 14. 92 
54.0 
603 
53.5 
4. 30. 92 
83.0 
86.0 
83.0 
3399 
2645 
3210 
Water Use Efficiency ( Kg/ ha/mm) 
63  9.2 
6.2  7.2 
5.6  8.7 
T2 
FO 
86.0 
85.0 
88.0 
14.8 
155 
14.0 
24.2 
25.3 
27.0 
53.0 
535 
51.0 
81.0 
79.0 
75.0 
2564 
3216 
3456 
7.0 
8.7 
9.4 
Fl 
1053 
98.0 
99.0 
16.6 
18.8 
18.0 
34.0 
35.6 
36.0 
735 
685 
655 
98.0 
97.0 
95.0 
4386 
4023 
4350 
11.9 
10.9 
11.8 
T3
 
FO  Fl
 
83.0  104.0 
86.0  99.5 
90.0  96.0 
15.0  18.5 
14.2  16.8 
14.2  17.0 
25.0  335 
243  33.8 
24.0  323 
47.0  64.5 
485  63.5 
46.0  63.0 
76.0  94.0 
73.0  87.0 
73.0  89.0 
3256  4256 
3105  4023 
2657  3897 
8.8  11.5 
8.4  10.9 
7.2  10.6 80 
Appendix Table 5. Soil profile moisture under wheat at College. 
cm/120 cm 
Date  Tl  T2  T3 
12.14.91  FO  Fl  FO  Fl  FO  Fl 
R1  20.7  24.5  23.9  23.4  22.6  24.9 
R2  24.9  22.7  23.3  22.9  25.1  24.7 
R3  23.6  24.3  24.7  243  22.0  23.3 
1.2.92 
R1  25.2  243  24.0  24.4  24.5  24.8 
R2  23.9  24.7  24.8  24.0  24.8  24.5 
R3  24.0  233  22.7  25.7  24.8  24.9 
1.13.92 
R1  20.4  243  21.7  24.9  24.4  24.0 
R2  23.7  22.8  24.0  23.5  24.0  21.7 
R3  22.1  23.4  213  20.4  21.8  22.8 
2.19.92 
R1  33.1  36.6  34.5  32.6  34.8  34.0 
R2  34.7  34.9  33.0  35.7  353  34.1 
R3  34.4  353  313  32.8  32.9  323 
3.4.92 
R1  28.9  32.0  29.6  293  29.0  29.6 
R2  29.8  28.6  29.6  28.8  29.6  30.1 
R3  293  29.2  28.7  28.2  293  29.4 
5.08.92 
R1  22.6  24.1  21.1  243  22.8  21.9 
R2  22.9  21.1  20.9  21.7  213  21.6 
R3  21.0  183  18.9  22.4  22.1  23.5 81 
Appendix Table 6. Weather data for wheat at College. 
Days  Date  Rainfall  Pan Evap  Days  Date  Rainfall  Pan Evap 
cm  mm  cm  mm 
1  Dec. 8.91  0.00  1.00  46  22  0.00  1.10 
2  9  0.00  1.80  47  23  0.00  0.60 
3  10  0.00  1.80  48  24  0.44  0.00 
4  11  0.00  1.10  49  25  0.00  1.30 
5  12  0.00  1.80  50  26  0.68  0.10 
6  13  0.00  1.80  51  27  0.00  0.60 
7  14  0.00  1.30  52  28  1.34  0.10 
8  15  0.00  0.80  53  29  2.80  0.10 
9  16  0.00  0.80  54  30  3.80  1.60 
10  17  0.00  0.80  55  31  0.00  2.10 
11  18  0.00  1.10  56  Feb.1.92  0.00  2.60 
12  19  0.00  1.30  57  2  0.00  1.50 
13  20  0.00  1.40  58  3  0.00  1.60 
14  21  0.00  0.00  59  4  0.00  2.10 
15  22  2.01  1.10  60  5  0.00  1.80 
16  23  0.00  1.30  61  6  3.61  0.30 
17  24  0.00  0.30  62  7  0.00  1.80 
18  25  0.00  130  63  8  0.00  2.00 
19  26  0.00  0.50  64  9  0.00  2.30 
20  27  0.00  0.80  65  10  0.00  3.30 
21  28  0.00  1.10  66  11  0.00  3.30 
22  29  0.00  1.10  67  12  0.64  0.20 
23  30  0.00  1.50  68  13  4.64  1.80 
24  31  0.00  1.60  69  14  0.00  2.10 
25  Jan. 1.92  0.00  1.00  70  15  0.00  3.30 
26  2  0.00  2.80  71  16  0.00  2.10 
27  3  0.00  1.10  72  17  0.00  3.00 
28  4  0.00  1.10  73  18  0.00  2.30 
29  5  0.00  0.80  74  19  0.00  1.60 
30  6  0.00  0.50  75  20  0.00  1.50 
31  7  0.36  1.10  76  21  0.00  2.80 
32  8  0.00  0.80  77  22  0.00  3.10 
33  9  0.00  1.10  78  23  0.00  3.30 
34  10  0.26  1.30  79  24  0.00  0.80 
35  11  0.53  1.10  80  25  0.00  3.10 
36  12  0.00  1.10  81  26  0.00  1.50 
37  13  0.00  0.80  82  27  0.00  2.10 
38  14  0.00  1.10  83  28  0.00  5.20 
39  15  0.00  1.50  84  29  0.73  4.60 
40  16  0.00  1.50  85  Mar.1.92  0.00  3.30 
41  17  0.00  1.30  86  2  0.00  4.00 
42  18  0.00  1.30  87  3  0.00  2.30 
43  19  0.00  1.30  88  4  0.00  3.30 
44  20  0.00  1.60  89  5  0.00  3.30 
45  21  0.00  1.60  90  6  0.00  4.80 
Continued 82 
Days  Date  Rainfall  Pan Evap  Days  Date  Rainfall  Pan Evap 
cm  mm  cm  mm 
91  7  0.00  4.60  126  11  0.00  3.10 
92  8  0.00  4.30  127  12  0.00  3.80 
93  9  0.00  4.50  128  13  0.00  4.10 
94  10  0.00  2.40  129  14  0.00  4.50 
95  11  0.00  1.80  130  15  0.00  5.60 
96  12  0.00  1.90  131  16  0.00  5.30 
97  13  0.27  3.80  132  17  0.00  5.40 
98  14  0.00  4.80  133  18  0.00  5.00 
99  15  0.00  4.10  134  19  0.26  1.00 
100  16  0.00  2.30  135  20  0.00  2.80 
101  17  0.00  4.30  136  21  0.26  2.20 
102  18  0.00  5.00  137  22  0.31  2.80 
103  19  0.00  1.80  138  23  0.00  6.10 
104  20  0.43  1.70  139  24  0.00  4.80 
105  21  0.45  3.40  140  25  0.00  3.80 
106  22  0.45  0.90  141  26  0.00  5.00 
107  23  2.61  1.50  142  27  0.00  6.10 
108  24  0.00  1.80  143  28  0.00  8.00 
109  25  3.43  1.50  144  29  1.80  3.00 
110  26  2.88  1.90  145  30  0.00  4.50 
111  27  0.00  2.80  146  May 1, 92  0.35  5.60 
112  28  0.00  2.10  147  2  0.00  5.00 
113  29  0.00  2.60  148  3  1.80  3.50 
114  30  0.00  3.60  149  4  0.00  3.20 
115  31  0.00  4.00  150  5  0.37  5.80 
116  Apr. 1.92  0.00  2.30  151  6  0.00  6.10 
117  2  0.00  4.00  152  7  0.00  6.30 
118  3  0.00  3.20  153  8  0.00  5.80 
119  4  0.00  2.80  154  9  0.00  5.30 
120  5  0.00  2.60  155  10  0.00  6.60 
121  6  0.00  3.50  156  11  0.00  7.70 
122  7  0.26  4.80  157  12  0.00  8.40 
123  8  0.00  4.50  158  13  0.00  8.30 
124  9  0.00  4.10  159  14  0.00  10.20 
125  10  1.12  3.50  160  15  0.00  7.90 
161  16  0.00  6.20 83 
Appendix Table 7. Soil moisture distribution with time and depth. 
m3/m3 
12.14.91 
Depth(cm)  T1  T2  T3  FO  Fl 
0-15  0.11  0.12  0.11  0.12  0.11 
15-30  0.16  0.16  0.15  0.16  0.16 
30-60  0.22  0.23  0.22  0.22  0.22 
60-90  0.22  0.22  0.23  0.21  0.23 
90-120  0.21  0.21  0.21  0.21  0.21 
1.2.92 
0-15  0.17  0.16  0.15  0.17  0.16 
15-30  0.20  0.19  0.17  0.19  0.18 
30-60  0.21  0.21  0.22  0.21  0.22 
60-90  0.22  0.21  0.23  0.22  0.22 
90-120  0.19  0.21  0.21  0.20  0.21 
1.13.92 
0-15  0.15  0.17  0.17  0.15  0.17 
15-30  0.18  0.19  0.17  0.18  0.18 
30-60  0.20  0.19  0.22  0.20  0.20 
60-90  0.21  0.19  0.20  0.20  0.20 
90-120  0.18  0.19  0.18  0.18  0.19 
2.19.92 
0-15  0.30  0.26  0.30  0.28  0.30 
15-30  0.27  0.28  0.27  0.28  0.27 
30-60  0.31  0.30  0.30  0.30  0.31 
60-90  0.30  0.28  0.28  0.28  0.29 
90-120  0.27  0.26  0.26  0.27  0.26 
3.4.92 
0-15  0.20  0.20  0.20  0.20  0.20 
15-30  0.25  0.24  0.26  0.25  0.25 
30-60  0.26  0.27  0.27  0.26  0.27 
60-90  0.25  0.25  0.26  0.26  0.25 
90-120  0.24  0.23  0.23  0.23  0.24 
5.8.92 
0-15  0.13  0.14  0.15  0.13  0.15 
15-30  0.17  0.17  0.17  0.17  0.17 
30-60  0.18  0.17  0.20  0.19  0.18 
60-90  0.19  0.19  0.19  0.19  0.20 
90-120  0.20  0.19  0.19  0.19  0.20
 84 
Appendix Table 8. Plant characteristics of wheat at College. 
Plant Height (cm)  4. 23. 92 
T1  T2  T3 
FO  Fl  FO  Fl  FO  Fl 
R1  613  863  68.1  88.8  72.4  86.7 
R2  69.6  86.7  72.8  88.2  71.7  87.8 
R3  64.8  84.8  69.1  85.1  71.1  82.9 
Spike Length (cm) 4. 23. 92. 
7.6  11.2  11.0  12.0  10.0  12.0 
8.2  10.5  93  11.1  10.2  12.7 
83  11.4  9.6  11.4  9.8  103 
Grain Yield (Kg/ha ) 
1950  3485  2350  4025  2236  3792 
1896  3798  2125  3547  2100  3945 
1925  3697  2150  3994  2146  4011 
Water Use Efficiency (Kg/ha/nun). 
4.5  8.1  5.5  9.4  5.2  8.8 
4.4  8.9  5.0  83  4.9  9.2 
4.5  8.6  5.0  93  5.0  9.4 85 
Appendix Table 9. Soil profile moisture under maize at Mangial. 
cm/120 cm 
Ti  T2  T3 
7.26.92  FO  Fl  FO  Fl  FO  Fl 
R1  273  32.2  305  27.0  26.6  27.1 
R2  26.7  31.8  273  28.2  29.2  27.0 
R3  27.0  28.5  30.4  28.9  253  30.1 
8.16.92 
R1  34.5  33.8  30.0  28.8  32.8  31.4 
R2  31.2  32.1  27.6  33.7  28.4  29.7 
R3  35.1  30.0  333  32.6  34.1  28.6 
8.30.92 
R1  29.4  28.4  31.6  28.8  31.0  29.6 
R2  33.0  30.5  30.8  35.1  29.9  30.4 
R3  32.7  34.8  34.2  35.0  31.1  31.7 
9.23.92 
R1  31.3  29.8  27.2  24.6  23.7  25.6 
R2  30.1  30.1  26.8  26.2  28.9  23.1 
R3  32.4  30.9  27.8  22.1  22.4  22.1 
10.5.92 
R1  25.0  25.6  23.1  23.9  22.9  22.9 
R2  26.6  25.5  23.9  25.8  24.4  25.2 
R3  27.1  27.5  253  233  24.8  23.7 86 
Appendix Table 10. Weather data for maize at Mangial. 
Days  Date  Rainfall  Pan Evap  Days  Date  Rainfall  Pan Evap 
cm  mm  cm  mm 
1  July 12  0.00  7.08  44  24  0.00  3.94 
2  13  0.00  6.25  45  25  0.00  5.42 
3  14  4.10  0.00  46  26  0.00  4.12 
4  15  0.00  2.14  47  27  0.00  3.45 
5  16  0.00  7.08  48  28  0.21  5.80 
6  17  0.00  7.27  49  29  0.00  2.87 
7  18  0.00  5.56  50  30  0.00  4.02 
8  19  3.10  7.28  51  31  0.00  4.32 
9  20  0.00  3.21  52  Sept. 1  0.00  4.50 
10  21  2.30  1.63  53  2  1.05  5.05 
11  22  0.00  4.37  54  3  0.17  0.00 
12  23  0.00  5.17  55  4  0.00  3.08 
13  24  0.00  0.00  56  5  0.00  3.82 
14  25  0.41  0.00  57  6  0.60  2.37 
15  26  0.00  5.07  58  7  0.00  6.33 
16  27  0.00  3.26  59  8  0.00  2.29 
17  28  0.00  5.23  60  9  1.60  0.00 
18  29  0.00  6.69  61  10  10.00  0.00 
19  30  1.40  4.68  62  11  0.00  2.92 
20  31  2.60  0.77  63  12  0.00  3.03 
21  Aug. 1  0.00  6.12  64  13  0.00  4.95 
22  2  0.00  5.36  65  14  0.00  3.05 
23  3  8.96  0.00  66  15  0.00  0.60 
24  4  0.00  0.29  67  16  1.30  2.24 
25  5  0.65  2.85  68  17  0.00  0.00 
26  6  0.74  3.74  69  18  0.00  1.66 
27  7  0.00  3.09  70  19  0.00  4.09 
28  8  8.80  0.00  71  20  0.00  3.73 
29  9  1.88  0.00  72  21  0.00  4.49 
30  10  0.00  4.20  73  22  0.00  3.24 
31  11  0.00  4.32  74  23  0.00  4.46 
32  12  0.00  4.74  75  24  0.00  3.90 
33  13  0.00  5.22  76  25  0.00  4.19 
34  14  0.00  5.22  77  26  0.00  3.91 
35  15  0.00  4.55  78  27  0.00  3.28 
36  16  0.00  4.12  79  28  0.00  4.41 
37  17  4.84  2.59  80  29  0.00  5.15 
38  18  0.28  2.45  81  30  0.00  3.96 
39  19  0.00  1.85  82  Oct. 1  0.00  3.39 
40  20  0.00  3.26  83  2  0.00  6.34 
41  21  0.00  1.98  84  3  0.00  4.98 
42  22  0.66  0.00  85  4  0.00  3.47 
43  23  0.00  3.86  86  5  0.00  3.50 87 
Appendix Table 11. Soil moisture distribution with time and depth. 
m3/m3 
7.26.92 
Depth(cm)  T1  T2  T3  FO  Fl 
0-15  0.21  0.18  0.19  0.18  0.20 
15-30  0.21  0.22  0.22  0.22  0.21 
30-60  0.24  0.27  0.24  0.25  0.26 
60-90  0.25  0.24  0.23  0.23  0.25 
90-120  0.26  0.25  0.24  0.25  0.25 
8.16.92 
0-15  0.18  0.21  0.20  0.21  0.18 
15-30  0.24  0.23  0.23  0.24  0.23 
30-60  0.29  0.25  0.28  0.28  0.27 
60-90  0.30  0.28  0.27  0.29  0.27 
90-120  0.19  0.19  0.17  0.17  0.19 
8.30.92 
0-15  0.22  0.20  0.21  0.21  0.21 
15-30  0.23  0.23  0.21  0.22  0.23 
30-60  0.27  0.29  0.26  0.27  0.27 
60-90  0.27  0.30  0.28  0.29  0.27 
90-120  0.28  0.29  0.27  0.27  0.29 
9.23.92 
0-15  0.21  0.18  0.18  0.20  0.19 
15-30  0.20  0.17  0.17  0.19  0.17 
30-60  0.26  0.21  0.19  0.23  0.21 
60-90  0.27  0.22  0.20  0.24  0.22 
90-120  0.28  0.25  0.25  0.26  0.26 
10.5.92 
0-15  0.16  0.15  0.14  0.15  0.15 
15-30  0.19  0.18  0.17  0.18  0.18 
30-60  0.24  0.22  0.22  0.23  0.23 
60-90  0.24  0.22  0.22  0.22  0.23 
90-120  0.22  0.21  0.20  0.21  0.21 88 
Appendix Table 12. Plant characteristics of maize at Mangial. 
Plant population / m2 
T1  T2  T3 
FO  Fl  FO  Fl  FO  Fl 
R1  9.5  9.5  10.5  10.5  9.5  10.5 
R2  9.5  10.5  10.0  10.5  10.0  10.5 
R3  8.5  9.5  9.5  11.0  9.0  10.0 
Plant Height, cm, 8. 17. 92. 
113  145  136  153  131  150 
111  142  136  154  132  150 
110  141  138  151  127  146 
Plant Height, cm,10. 9. 92 
193  222  212  258  207  242 
195  222  213  262  209  247 
191  226  215  269  206  248 
Cob Length, cm. 
12.0  15.5  13.5  19.2  13.0  16.5 
11.5  14.7  13.7  18.7  12.0  15.7 
10.0  13.5  12.5  17.4  11.7  18.0 
Grain Yield, Kg/ha. 
2500  3560  3354  4560  3415  4350 
2680  4000  3400  4600  3340  4502 
2350  3780  3560  4390  3280  4451 
Water Use Efficiency (Kg/ha/ nun) 
4.3  6.1  5.7  7.8  5.8  7.4 
4.6  6.8  5.8  7.8  5.7  7.7 
4.0  6.4  6.1  7.5  5.6  7.6 89 
Appendix Table 13. Soil profile moisture under maize at College. 
cm/120 cm 
T1  T2  73 
FO  Fl  FO  Fl  FO  Fl 
7.23.92 
R1  27.0  27.4  20.4  282  25.9  28.1 
R2  22.7  22.9  24.2  27.2  23.6  28.7 
R3  233  27.2  20.2  28.6  27.9  24.0 
8.15.92 
R1  32.0  30.0  28.5  293  29.4  25.0 
R2  27.5  31.4  28.6  27.7  28.9  29.5 
R3  30.7  29.6  29.5  29.5  28.8  29.2 
8.25.92 
Ri  32.7  30.8  27.5  28.4  29.0  29.4 
R2  28.1  31.2  29.8  272  25.4  26.0 
R3  29.7  29.2  29.8  303  30.9  30.6 
9.24.92 
R1  27.4  26.7  24.9  26.4  23.5  25.5 
R2  26.4  25.6  27.4  24.1  26.9  26.2 
R3  23.9  28.2  25.9  25.0  26.4  22.2 
10.4.92 
Ri  27.0  25.6  243  23.7  24.2  23.1 
R2  24.4  273  223  243  24.1  23.7 
R3  24.2  23.9  25.1  24.1  25.5  24.0 90 
Appendix Table 14. Weather data for maize at College. 
Days  Date  Rainfall  Pan Evap  Days  Date  Rainfall  Pan Evap 
cm  mm  cm  mm 
1  July 18  0.00  5.28  41  27  0.00  3.24 
2  19  0.00  6.92  42  28  1.50  5.45 
3  20  0.00  3.05  43  29  0.00  2.70 
4  21  0.00  1.55  44  30  0.00  3.78 
5  22  0.00  4.15  45  31  0.00  4.06 
6  23  0.00  4.91  46  Sept. 1  0.00  4.23 
7  24  0.00  0.00  47  2  1.05  4.75 
8  25  0.20  0.00  48  3  0.17  0.00 
9  26  0.43  4.82  49  4  0.00  2.90 
10  27  0.00  3.10  50  5  0.00  3.59 
11  28  0.00  4.97  51  6  0.82  2.23 
12  29  0.17  6.36  52  7  0.00  5.95 
13  30  3.90  4.45  53  8  0.00  2.15 
14  31  0.00  0.73  54  9  1.70  0.00 
15  Aug. 1  0.00  5.81  55  10  12.10  0.00 
16  2  1.50  5.15  56  11  0.00  2.74 
17  3  15.63  0.00  57  12  0.00  2.85 
18  4  0.00  0.28  58  13  0.00  4.70 
19  5  0.00  2.74  59  14  0.22  2.90 
20  6  0.00  3.59  60  15  0.00  0.57 
21  7  0.00  2.97  61  16  1.42  2.13 
22  8  3.23  0.00  62  17  0.00  0.00 
23  9  2.31  0.00  63  18  0.00  1.58 
24  10  0.00  4.03  64  19  0.00  3.89 
25  11  0.00  4.15  65  20  0.00  3.54 
26  12  0.00  4.55  66  21  0.00  4.27 
27  13  0.00  5.01  67  22  0.00  3.08 
28  14  0.00  5.01  68  23  0.00  4.24 
29  15  0.00  4.37  69  24  0.00  3.71 
30  16  1.64  3.96  70  25  0.00  3.98 
31  17  6.78  2.49  71  26  0.00  3.71 
32  18  0.71  2.35  72  27  0.00  3.12 
33  19  0.00  1.78  73  28  0.00  4.19 
34  20  0.00  3.13  74  29  0.00  4.89 
35  21  1.50  1.90  75  30  0.00  3.76 
36  22  0.00  0.00  76  Oct. 1  0.00  3.22 
37  23  0.00  3.71  77  2  0.00  6.02 
38  24  0.00  3.78  78  3  0.00  4.73 
39  25  0.00  5.20  79  4  0.00  3.30 
40  26  0.45  3.96  80  5  57.43  256.31 91 
Appendix Table 15. Soil moisture distribution with time and depth. 
m3/m3 
7.23.92 
Depth(cm)  T1  T2  T3  FO  Fl 
0-15  0.16  0.16  0.16  0.15  0.17 
15-30  0.22  0.20  0.20  0.21  0.21 
30-60  0.23  0.23  0.26  0.21  0.27 
60-90  0.22  0.21  0.22  0.20  0.23 
90-120  0.21  0.21  0.22  0.20  0.21 
8.15.92 
0-15  0.20  0.20  0.19  0.20  0.19 
15-30  0.25  0.23  0.23  0.24  0.23 
30-60  0.28  0.25  0.25  0.26  0.26 
60-90  0.25  0.26  0.25  0.25  0.25 
90-120  0.26  0.24  0.23  0.25  0.24 
8.25.92 
0-15  0.22  0.21  0.21  0.20  0.22 
15-30  0.23  0.23  0.22  0.23  0.22 
30-60  0.27  0.26  0.26  0.27  0.26 
60-90  0.26  0.25  0.25  0.25  0.26 
90-120  0.25  0.23  0.23  0.24  0.24 
9.24.92 
0-15  0.18  0.17  0.18  0.17  0.19 
15-30  0.23  0.22  0.21  0.23  0.22 
30-60  0.23  0.23  0.21  0.23  0.22 
60-90  0.23  0.23  0.22  0.23  0.22 
90-120  0.21  0.20  0.21  0.20  0.21 
10.4.92 
0-15  0.12  0.12  0.14  0.13  0.13 
15-30  0.18  0.17  0.15  0.17  0.16 
30-60  0.25  0.23  0.22  0.23  0.23 
60-90  0.23  0.22  0.22  0.22  0.23 
90-120  0.22  0.20  0.21  0.21  0.21 92 
Appendix Table 16. Plant characteristics of maize at College. 
Plant population / m2. 
T1  T2  T3 
FO  Fl  FO  Fl  FO  Fl 
R1  6  7  7  10  7  10 
R2  6  5  7  9  7  10 
R3  5  7  6  9  5  9 
Grains per Cob. 
161  301  301  442  317  525 
168  384  302  562  299  482 
186  299  315  446  301  495 
Grain Yield, Kg/ ha. 
1825  2125  2175  2675  2375  2726 
1875  2375  2425  2780  2180  2547 
2035  2269  2115  2520  2250  2600 
Water Use Efficiency (Kg/ha/ nun) 
3.1  3.6  3.7  4.6  4.1  4.7 
3.2  4.1  4.2  4.8  3.7  4.4 
3.5  3.9  3.6  43  3.9  4.5 93 
Appendix Table 17. LSD values to evaluate significant differences for profile water 
contents and crop characteristics. 
Wheat at Manglal. 
Water content on.  LSD for tillage and fertilizer at 5% level. 
14  2.02, 0.99 
21  0.8, 1.19 
35  1.46,  1.32 
49  1.99, 0.94 
101  2.19, 0.95 
110  2.01,  1.87 
125  0.83, 0.29 
150  1.13, 0.40 
Crop characteristics. 
Germination  4.90, 4.22 
Plant height  1.69,  1.27 
Plant height  2.13, 0.51 
Grain yield  570, 344 
WUE  1.52, 0.92 
Wheat at Baranl College. 
Water content on 
7  2.29,  1.54 
26  0.86,  1.01 
37  2.11,  1.77 
74  1.49,  1.35 
88  1.12,  1.07 
153  2.58, 1.38 
Crop characteristics. 
Plant height  2.56, 2.53 
Spike length  1.48, 0.62 
Grain yield  284,  155 
WUE  0.68, 0.38 94 
Maize at Mangial.
 
Water content on.  LSD for tillage and fertilizer at 5% level.
 
15  2.47, 2.17 
36  3.40, 2.91 
50  2.43, 2.07 
74  3.08, 2.25 
86  1.21,  1.14 
Crop characteristics. 
Plant population  0.62, 0.47 
Plant height  3.27,  1.30 
Plant height  4.11, 3.18 
Cob length  1.61, 0.76 
Grain yield  192,  149 
WUE  0.32, 0.26 
Maize at Barani College. 
Water content on. 
6  3.37, 2.74 
29  2.22, 2.03 
39  3.79, 1.52 
69  1.88, 2.31 
79  2.33, 1.34 
Crop characteristics. 
Plant population  1.33, 0.81 
Grains per cob  55.7, 42.4 
Grain yield  300, 74 
WUE  0.51, 0.24 